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Undisputedly, sanitation is a key element of sustainable development and signifi-
cantly influences people’s health and wellbeing worldwide. The International Water 
Association (IWA), the Water Supply and Sanitation Collaborative Council (WSSCC) 
and Eawag have made considerable efforts to promote improved sanitation by pro-
viding an easily accessible knowledge base and guidance about how to achieve 
these improvements. Working collaboratively under the Urban Sanitation Initiative, 
we continue to foster innovation, disseminating information about the full range 
of sanitation technologies and building the capacity of practitioners who use this 
information.
The first Compendium produced by Eawag (Department Sandec) and WSSCC in 
2008 went a long way towards this objective. It provides knowledge on a wide range 
of sanitation technologies without bias and/or agenda, and helped to increase the 
recognition that a fully functioning sanitation ‘chain’ must link toilets to a treatment 
facility via an operational collection and transportation system. It also presented 
resource recovery and reuse options as a necessary objective for the sustainable 
management of excreta. 
In recent years, the Compendium has become the most popular technical com-
pilation in the sanitation sector and is widely acclaimed by a large audience as 
an international reference tool. This expanded second edition provides updates 
and presents information about an increased range of technologies and will be an 
important resource for stakeholders in their decision making planning process. The 
eCompendium version allows for improved on-line access to the information and 
flexibility of use, and makes updating easier. 
We believe that our on-going collective efforts will help to ensure the achievement 
of the Sustainable Development Goals regarding sanitation and also those relating 
to health, water and environmental sustainability.
Foreword
Christian Zurbrügg
Eawag
Jonathan Parkinson
IWA
Chris Williams
WSSCC
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Introduction
Structure and Use of the Compendium
Like the first edition, the Compendium is divided into 
two parts: (1) the System Templates and a description 
about how to use them; and (2) the Technology Infor-
mation Sheets.
It is recommended that the Compendium user first 
review the sections “Compendium Terminology” (pp. 
10-13) and “Using the System Templates” (pp. 16-19), 
to become familiar with the key terms and structure 
of the system templates and their components. There-
after, the user can move between the system templates 
and technology information sheets (they are cross-ref-
erenced) until he/she has identified systems and/or 
technologies appropriate for further investigation. Even-
tually, the user should be able to develop one or several 
system configurations to present to the community of 
the intervention area. Following the community’s sug-
gestions, the Compendium can then be used to re-eval-
uate and redesign the systems accordingly.
The Compendium is only one document in the field to 
facilitate informed decision-making on the part of differ-
ent stakeholders involved in improving environmental 
sanitation services, and should be used in conjunction 
with other available publications and tools. An overview 
of complementary sanitation sector development tools 
is provided on the following double page.
Background and Target Audience
The Compendium of Sanitation Systems and Technolo-
gies was first published in 2008 during the Internation-
al Year of Sanitation. Since then it has been translated 
into several languages and distributed digitally by var-
ious sector organizations. The document’s popularity 
lies in its brevity – structuring and presenting a huge 
range of information on tried and tested technologies 
in a single document. As in the first edition, we do not 
consider sanitation technologies that are under devel-
opment or that exist only as prototypes. Also, we only 
include “improved” sanitation technologies that provide 
safe, hygienic, and accessible sanitation. Like the first 
edition, we include the whole range of urban, peri-urban 
and rural technologies (e.g., from single pits to conven-
tional sewers). 
The Compendium is a guidance document for engineers 
and planners in low- and middle-income countries, pri-
marily intended to be used for communicative planning 
processes involving local communities. It is also intend-
ed for persons/experts who have detailed knowledge 
about conventional high-end technologies and require 
information on infrastructure and different system con-
figurations. It is not intended as a stand-alone document 
for engineers, making decisions for the community, e.g., 
expert-driven decision-making.
What’s New in the Second Edition?
The revised, second edition has more content, and 
offers:
1. Simplified user guidance
2. Revised technology descriptions with updated refer-
ences and improved illustrations based on reviews 
by renowned sector experts and taking into account 
key developments in the sector over the last six years
3. A more elaborate presentation of input and output 
products that clarifies the compatibility between 
technologies and streamlines system configuration
4. Five new technology information sheets and a sec-
tion on emerging technologies
5. An additional sanitation system, “System 5: Biogas 
System”
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Complementary Sanitation Sector Development Tools
Community-Led Urban Environmental Sanitation : CLUES
Complete Guidelines for Decision Makers with 30 Tools
CLUES presents a complete set of guidelines for sanitation planning in low-income 
urban areas. It is the most up-to-date planning framework for facilitating the deliv-
ery of environmental sanitation services for urban and peri-urban communities. 
CLUES features seven easy-to-follow steps, which are intended to be undertaken in 
sequential order. Step 5 of the planning approach relies on the Compendium, apply-
ing the systems approach to select the most appropriate technological option(s) for 
a given urban context. The document also provides guidance on how to foster an 
enabling environment for sanitation planning in urban settings.
By Lüthi, C., Morel, A., Tilley, E. and Ulrich, L. (2011). Eawag (Sandec), WSSCC, UN-HABITAT. 
Free PDF available at: www.sandec.ch/clues
Sanitation 21
A Planning Framework for Improving City-wide Sanitation Services
Sanitation 21 presents an internationally recognized planning framework based 
upon key principles of sanitation planning and recommended process guidelines. 
Built upon practical experience and best practices, Sanitation 21 brings together 
decisions about technology and management options with stakeholder needs and 
preferences to help inform the choice of appropriate sanitation systems. It is written 
in non-technical language to be relevant to policy makers and practitioners who are 
interested in providing appropriate and affordable sanitation services and presents 
recommended activities to guide the development of a city sanitation plan. This 
revised version of the Sanitation 21 framework builds upon the increase in knowl-
edge and experience in city-wide planning.
By Parkinson, J., Lüthi, C. and Walther, D. (2014). IWA, GIZ, Eawag (Sandec). 
Free PDF available at: www.iwahq.org and www.sandec.ch
 
How to Design Wastewater Systems for Local Conditions in Develop-
ing Countries 
This manual provides guidance in the design of wastewater systems in developing 
country settings. It promotes a context-specific approach to technology selection 
by guiding the user to select the most suitable technologies for their area. It pro-
vides tools and field guides for source characterization and site evaluation, as well 
as technology identification and selection. This manual is primarily addressed to 
private and public sector service providers, regulators and engineers/development 
specialists in charge of implementing wastewater systems. 
By Robbins, D. M. and Ligon, G. C. (2014). IWA Publishing. 
In the past few years, a number of documents have been published that com-
plement this work and add to the growing body of sustainable technology 
reference materials and practical guides. Some are presented below: 
   
How to Design 
Wastewater Systems 
for Local Conditions in 
Developing Countries
David M Robbins and Grant C. Ligon
How to Design Wastewater Systems for 
Local Conditions in Developing Countries
David M Robbins and Grant C. Ligon
This is a practical handbook providing a step-by-step approach to the techniques used 
for characterizing wastewater sources and investigating sites where collection, treatment 
and reuse/disposal technologies will be installed. It is intended to help enable local 
implementation of on-site and decentralized wastewater treatment systems (DEWATS) for 
wide scale use in development settings. 
Designing Wastewater Systems According to Local Conditions helps local service providers 
and regulatory officials make informed decisions through the use of tools, checklists and 
case studies. It will include a link to a web based community of on-site and decentralized 
wastewater professionals, which contains related tools and case studies. This handbook 
will serve as a reference for training classes, certification programs, and higher education 
programs in civil and sanitary engineering.
There is an increasing interest on the part of local government officials and private 
sector service providers to implement wastewater treatment systems to solve sanitation 
problems. The model presented in this handbook promotes activities that first generate 
data related to source and site conditions that represent critical inputs, and then applies 
this information to the technology selection process. Matching the most appropriate 
technologies to the specific needs of the wastewater project is the key that leads to long 
term sustainability.
Designing Wastewater Systems According to Local Conditions is an invaluable resource 
for public sector decision makers and private sector service providers in developing 
countries. It is also a useful text for students at engineering colleges in developing 
countries interested in taking a class that teaches the methods of DEWATS development.
H
ow
 to D
esign W
astew
ater System
s for Local Conditions in D
eveloping Countries
D
avid M
 R
obbins and G
rant C
. Ligon
www.iwapublishing.com
ISBN: 9781780404769 (Paperback) 
ISBN: 9781780404779 (eBook)
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Faecal Sludge Management
Systems Approach for Implementation and Operation
This is the first book to compile the current state of knowledge on faecal sludge 
management. It addresses the organization of the entire faecal sludge management 
service chain, from the collection and transport of sludge, to the current state of 
knowledge of treatment options, and the final end use or disposal of treated sludge. 
It presents an integrated approach that brings together technology, management, 
and planning, based on Sandec’s 20 years of experience in the field. It also dis-
cusses important factors to consider when evaluating and upscaling new treatment 
technology options. The book is designed for undergraduate and graduate students, 
engineers, and practitioners in the field who have some basic knowledge of environ-
mental and/or wastewater engineering. 
By Strande, L., Ronteltap, M. and Brdjanovic, D. (Eds.) (2014). IWA Publishing. 
Free PDF available at: www.sandec.ch
Hygiene and Sanitation Software – An Overview of Approaches
In sanitation and hygiene programme and service delivery, several methods are 
used to engage target groups in development programmes to enable behavioural 
change and/or create a demand for services. These methods or approaches are 
generally referred to as ‘software’, to distinguish them from the provision of ‚hard-
ware‘. This publication takes an in-depth look at the various hygiene and sanitation 
software approaches that have been deployed over the last 40 years in all types of 
settings – urban, informal-urban and rural, and aims to address such issues as what 
a particular approach is designed to achieve, what it actually comprises, when and 
where it should be used, how it should be implemented and how much it costs, etc. 
This publication was developed as a companion to the Compendium.
By Peal, A., Evans, B. and van der Voorden, C. (2010). WSSCC. 
Free PDF available at: www.wsscc.org
The following on-line tools provide useful guidance and downloadable resources that 
complement the documents listed above.
eCompendium
The digital version of the Compendium is a stand-alone digital resource, structured 
around the different sanitation systems and the 57 featured technologies. This elec-
tronic version allows for easier updating and flexibility of use on the part of different 
user groups. Additionally, it is an integral part of the SSWM Toolbox. 
Available at: www.sandec.ch/ecompendium
Sustainable Sanitation and Water Management Toolbox
The SSWM Toolbox is the most comprehensive collection of tools and approaches 
of water management and sustainable sanitation available. It combines planning 
tools and software, and links them with publications, articles and web links, case 
studies, and training material. 
Available at: www.sswm.info
An Overview of Approaches
Additional 
on-line resources
Systems Approach 
for Implementation 
and Operation
Faecal Sludge 
Management
Editors
Linda Strande
Mariska Ronteltap
Damir Brdjanovic
Faecal Sludge M
anagem
ent
Linda Strande
M
ariska R
onteltap
D
am
ir Brdjanovic
Over a billion people in urban and peri-urban areas of Africa, Asia, and 
Latin America are served by onsite sanitation technologies. Until now, the 
management of faecal sludge resulting from these onsite technologies has been 
grossly neglected.  Financial resources are often lacking, and onsite sanitation 
systems tend to be regarded as temporary solutions until sewer-based systems 
can be implemented. However, the reality is that onsite sanitation is here to stay, 
either as an intermediate or permanent standalone solution, or in combination 
with sewer-based systems. The appropriate and adequate management of 
faecal sludge deriving from onsite technologies is imperative for the protection 
of human and environmental health.
This is the first book dedicated to faecal sludge management. It compiles 
the current state of knowledge of this rapidly evolving field, and presents an 
integrated approach that includes technology, management and planning. It 
addresses the planning and organization of the entire faecal sludge management 
service chain, from the collection and transport of sludge and treatment options, 
to the final enduse or disposal of treated sludge. In addition to providing 
fundamentals and an overview of technologies, the book goes into details of 
operational, institutional and financial aspects, and provides guidance on how 
to plan a city-level faecal sludge management project with the involvement of 
all the stakeholders. 
www.iwapublishing.com
ISBN: 9781780404721 (Hardback)
ISBN: 9781780404738 (eBook)
Edited by Funded by
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Compendium Terminology
Sanitation Systems
The Compendium defines sanitation as a multi-step 
process in which human excreta and wastewater are 
managed from the point of generation to the point of 
use or ultimate disposal. A Sanitation System is a 
context-specific series of technologies and services 
for the management of these wastes (or resources), 
i.e., for their collection, containment, transport, trans-
formation, utilization or disposal. A sanitation system 
is comprised of Products (wastes) that travel through 
Functional Groups which contain Technologies that 
can be selected according to the context. By select-
ing a Technology for each Product from each appli-
cable Functional Group, one can design a logical 
Sanitation System. A sanitation system also includes 
the management, operation and maintenance (O&M) 
required to ensure that the system functions safely and 
sustainably.
A System Template defines a suite of compatible 
technology combinations from which a system can be 
designed. In Part 1 of the Compendium, nine different 
sanitation system templates are described. A detailed 
explanation of how system templates function and how 
they are used is given in the section “Using the System 
Templates” on pp. 16-19. 
Products
Products are materials that are also called ‘wastes’ or 
‘resources’. Some products are generated directly by 
humans (e.g., Urine and Faeces), others are required 
in the functioning of technologies (e.g., Flushwater to 
move Excreta through sewers) and some are generated 
as a function of storage or treatment (e.g., Sludge).
For the design of a robust sanitation system, it is nec-
essary to define all of the products that are flowing into 
(inputs) and out of (outputs) each of the sanitation tech-
nologies in the system. The products referenced within 
this text are described below.
 Anal Cleansing Water is water used to cleanse 
oneself after defecating and/or urinating; it is generat-
ed by those who use water, rather than dry material, for 
anal cleansing. The volume of water used per cleaning 
typically ranges from 0.5 L to 3 L.
 Biogas is the common name for the mixture of gas-
es released from anaerobic digestion. Biogas is com-
prised of methane (50 to 75%), carbon dioxide (25 to 
50%) and varying quantities of nitrogen, hydrogen sul-
phide, water vapour and other components. Biogas can 
be collected and burned for fuel (like propane).
 Biomass refers to plants or animals cultivated 
using the water and/or nutrients flowing through a 
sanitation system. The term Biomass may include fish, 
insects, vegetables, fruit, forage or other beneficial 
crops that can be utilized for food, feed, fibre and fuel 
production.
 Blackwater is the mixture of Urine, Faeces and 
Flushwater along with Anal Cleansing Water (if water is 
used for cleansing) and/or Dry Cleansing Materials (see 
Figure 1). Blackwater contains the pathogens of Faeces 
and the nutrients of Urine that are diluted in the Flush-
water.
 Brownwater is the mixture of Faeces and Flush-
water, and does not contain Urine. It is generated by 
Urine-Diverting Flush Toilets (U.6) and, therefore, 
the volume depends on the volume of the Flushwater 
used. The pathogen and nutrient load of Faeces is not 
reduced, only diluted by the Flushwater. Brownwater 
may also include Anal Cleansing Water (if water is used 
for cleansing) and/or Dry Cleansing Materials (see Fig-
ure 1).
 Compost is decomposed organic matter that 
results from a controlled aerobic degradation process. 
In this biological process, microorganisms (mainly bacte-
ria and fungi) decompose the biodegradable waste com-
ponents and produce an earth-like, odourless, brown/
black material. Compost has excellent soil-conditioning 
1
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Figure1: Definition of Excreta, Brownwater and Blackwater
Flushwater
Blackwater
BrownwaterExcreta
Anal Cleansing Water Dry Cleansing MaterialFaeces
properties and a variable nutrient content. Because of 
leaching and volatilization, some of the nutrients may 
be lost, but the material is still rich in nutrients and 
organic matter. Generally, Excreta or Sludge should be 
composted long enough (2 to 4 months) under thermo-
philic conditions (55 to 60 °C) in order to be sanitized 
sufficiently for safe agricultural use. This temperature 
is not guaranteed in most Composting Chambers (S.8), 
but considerable pathogen reduction can normally be 
achieved.
 Dried Faeces are Faeces that have been dehydrat-
ed until they become a dry, crumbly material. Dehydra-
tion takes place by storing Faeces in a dry environment 
with good ventilation, high temperatures and/or the 
presence of absorbent material. Very little degrada-
tion occurs during dehydration and this means that the 
Dried Faeces are still rich in organic matter. However, 
Faeces reduce by around 75% in volume during dehy-
dration and most pathogens die off. There is a small 
risk that some pathogenic organisms can be reactivated 
under the right conditions, particularly, in humid envi-
ronments. 
 Dry Cleansing Materials  are solid materials used 
to cleanse oneself after defecating and/or urinating 
(e.g., paper, leaves, corncobs, rags or stones). Depend-
ing on the system, Dry Cleansing Materials may be col-
lected and separately disposed of. Although extreme-
ly important, a separate product name for menstrual 
hygiene products like sanitary napkins and tampons is 
not included in this Compendium. In general (though 
not always), they should be treated along with the solid 
waste generated in the household.
 Effluent is the general term for a liquid that leaves 
a technology, typically after Blackwater or Sludge has 
undergone solids separation or some other type of 
treatment. Effluent originates at either a Collection and 
Storage or a (Semi-) Centralized Treatment technology. 
Depending on the type of treatment, the Effluent may 
be completely sanitized or may require further treat-
ment before it can be used or disposed of.
 Excreta consists of Urine and Faeces that is not 
mixed with any Flushwater. Excreta is small in volume, 
but concentrated in both nutrients and pathogens. 
Depending on the quality of the Faeces, it has a soft or 
runny consistency.
 Faeces refers to (semi-solid) excrement that is 
not mixed with Urine or water. Depending on diet, each 
person produces approximately 50 L per year of faecal 
matter. Fresh faeces contain about 80% water. Of the 
total nutrients excreted, Faeces contain about 12% N, 
39% P, 26% K and have 107 to 109 faecal coliforms in 
100 mL.
 Flushwater is the water discharged into the 
User Interface to transport the content and/or clean 
it. Freshwater, rainwater, recycled Greywater, or any 
combination of the three can be used as a Flushwater 
source.
 Greywater is the total volume of water generat-
ed from washing food, clothes and dishware, as well as 
from bathing, but not from toilets. It may contain traces 
of Excreta (e.g., from washing diapers) and, therefore, 
also pathogens. Greywater accounts for approximate-
ly 65% of the wastewater produced in households with 
flush toilets. 
 Organics refers to biodegradable plant material 
(organic waste) that must be added to some technol-
ogies in order for them to function properly (e.g., Com-
posting Chambers, S.8). Organic degradable material 
can include, but is not limited to, leaves, grass and mar-
ket waste. Although other products in this Compendi-
um contain organic matter, the term Organics refers to 
undigested plant material.
 Pit Humus is the term used to describe the nutri-
ent-rich, hygienically improved, humic material that is 
generated in double pit technologies (S.4-S.6) through 
dewatering and degradation. This earth-like product 
is also referred to as EcoHumus, a term conceived by 
Peter Morgan in Zimbabwe. The various natural decom-
ÜBERSICHTSGRAFIK 
Figure1: Definition of Excreta, Brownwater and Blackwater
Flushwater
Blackwater
BrownwaterExcreta
Anal Cleansing Water Dry Cleansing MaterialFaeces
 
 
1
2
C
o
m
p
e
n
d
iu
m
 o
f 
S
an
it
at
io
n
 S
y
st
e
m
s 
an
d
 T
e
ch
n
o
lo
g
ie
s
C
o
m
p
e
n
d
iu
m
 T
e
rm
in
o
lo
g
y
position processes taking place in alternating pits can 
be both aerobic and anaerobic in nature, depending on 
the technology and operating conditions. The main dif-
ference between Pit Humus and Compost is that the 
degradation processes are passive and are not subject-
ed to a controlled oxygen supply, C:N ratio, humidity 
and temperature. Therefore, the rate of pathogen reduc-
tion is generally slower and the quality of the product, 
including its nutrient and organic matter content, can 
vary considerably. Pit Humus can look very similar to 
Compost and have good soil conditioning properties, 
although pathogens may still be present.
 Pre-Treatment Products are materials separated 
from Blackwater, Brownwater, Greywater or Sludge in 
preliminary treatment units, such as screens, grease 
traps or grit chambers (see PRE, p. 100). Substances 
like fats, oil, grease, and various solids (e.g. sand, fibres 
and trash), can impair transport and/or treatment 
efficiency through clogging and wear. Therefore, early 
removal of these substances is crucial for the durability 
of a sanitation system.
 Sludge is a mixture of solids and liquids, contain-
ing mostly Excreta and water, in combination with sand, 
grit, metals, trash and/or various chemical compounds. 
A distinction can be made between faecal Sludge and 
wastewater Sludge. Faecal Sludge comes from onsite 
sanitation technologies, i.e., it has not been transported 
through a sewer. It can be raw or partially digested, a 
slurry or semisolid, and results from the Collection and 
Storage/Treatment of Excreta or Blackwater, with or 
without Greywater. For a more detailed characterization 
of faecal Sludge refer to Strande et al., 2014 (see Sec-
tor Development Tools, p. 9). Wastewater Sludge (also 
referred to as sewage Sludge) is Sludge that originates 
from sewer-based wastewater collection and (Semi-) 
Centralized Treatment processes.
The Sludge composition will determine the type of treat-
ment that is required and the end-use possibilities.
 Stored Urine is Urine that has been hydrolysed 
naturally over time, i.e., the urea has been converted by 
enzymes into ammonia and bicarbonate. Stored Urine 
has a pH of approximately 9. Most pathogens cannot 
survive at this pH. After 6 months of storage, the risk of 
pathogen transmission is considerably reduced.
 Stormwater is the general term for the rainfall 
runoff collected from roofs, roads and other surfaces 
before flowing towards low-lying land. It is the portion of 
rainfall that does not infiltrate into the soil.
 Urine is the liquid produced by the body to rid 
itself of urea and other waste products. In this context, 
the Urine product refers to pure Urine that is not mixed 
with Faeces or water. Depending on diet, human Urine 
collected from one person during one year (approx. 
300 to 550 L) contains 2 to 4 kg of nitrogen. With the 
exception of some rare cases, Urine is sterile when it 
leaves the body.
Functional Groups
A functional group is a grouping of technologies that 
have similar functions. There are five different function-
al groups from which technologies can be chosen to 
build a system. 
The five functional groups are:
U   User Interface (Technologies U.1-U.6): Red  
S   Collection and Storage/Treatment  
(Technologies S.1-S.12): Orange
C   Conveyance (Technologies C.1-C.7): Yellow
T   (Semi-) Centralized Treatment  
(Technologies PRE, T.1-T.17, POST): Green
D   Use and/or Disposal  
(Technologies D.1-D.13): Blue
Each functional group has a distinctive colour; technol-
ogies within a given functional group share the same 
colour code so that they are easily identifiable. Also, 
each technology within a functional group is assigned a 
reference code with a single letter and number; the let-
ter corresponds to its functional group (e.g., U for User 
Interface) and the number, going from lowest to high-
est, indicates approximately how resource intensive 
(i.e., economic, material and human) the technology is 
compared to the other technologies within the group.
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U  User Interface (U) describes the type of toilet, 
pedestal, pan, or urinal with which the user comes in 
contact; it is the way by which the user accesses the 
sanitation system. In many cases, the choice of User 
Interface will depend on the availability of water. Note 
that Greywater and Stormwater do not originate at 
the User Interface, but may be treated along with the 
products that originate from it.
S  Collection and Storage/Treatment (S) describes 
the ways of collecting, storing, and sometimes treat-
ing the products generated at the User Interface. The 
treatment provided by these technologies is often a 
function of storage and is usually passive (e.g., requir-
ing no energy input). Thus, products that are ‘treated’ 
by these technologies often require subsequent treat-
ment before Use and/or Disposal.
C  Conveyance (C) describes the transport of prod-
ucts from one functional group to another. Although 
products may need to be transferred in various ways 
between functional groups, the longest, and most 
important gap is between User Interface or Collection 
and Storage/Treatment and (Semi-) Centralized Treat-
ment. Therefore, for the sake of simplicity, Convey-
ance only describes the technologies used to trans-
port products between these functional groups.
T  (Semi-) Centralized Treatment (T) refers to 
treatment technologies that are generally appro-
priate for large user groups (i.e., neighbourhood to 
city level applications). The operation, maintenance, 
and energy requirements of technologies within this 
functional group are generally higher than for small-
er-scale technologies at the S level. The technologies 
are divided into 2 groups: T.1-T.12 are primarily for the 
treatment of Blackwater, Brownwater, Greywater or 
Effluent, whereas T.13-T.17 are mainly for the treat-
ment of Sludge. Technologies for pre-treatment and 
post-treatment are also described (technology infor-
mation sheets PRE and POST).
D  Use and/or Disposal (D) refers to the methods 
by which products are ultimately returned to the envi-
ronment, either as useful resources or reduced-risk 
materials. Furthermore, products can also be cycled 
back into a system (e.g., by using treated Greywater 
for flushing).
Sanitation Technologies
Technologies are defined as the specific infrastructure, 
methods, or services designed to contain and transform 
products, or to transport products to another functional 
group. Each of the 57 technologies included in this Com-
pendium is described on a Technology Information 
Sheet in Part 2. There are between 6 and 17 different 
technologies within each of the five functional groups.
Only those sanitation technologies which have been prov-
en and tested in the context of low- and middle-income 
countries are included. Moreover, they have only been 
included if they are considered “improved” in regards to 
the provision of safe, hygienic, and accessible sanitation.
A wide variety of sanitation technologies in each func-
tional group are either currently under development, 
exist only as prototypes or are not yet fully mature and 
available. Examples of the most interesting and promising 
developments with high potential for implementation in 
low- and middle-income countries are outlined in the sec-
tion “Emerging Sanitation Technologies” (pp. 166-169). 
Hopefully, some of these technologies may be included 
in the form of a technology information sheet in a future 
edition of the Compendium.
The Compendium is primarily concerned with systems 
and technologies directly related to Excreta and does not 
specifically address Greywater or Stormwater manage-
ment, although it does show when they can be co-treated 
with Excreta. This explains why the related Greywater and 
Stormwater technologies are not described in detail, but 
are still shown as products in the system templates. For 
a more comprehensive summary of dedicated Greywater 
systems and technologies, please refer to the following 
resource:
_	Morel,	A.	and	Diener,	S.	(2006).	Greywater Management 
in Low- and Middle-Income Countries. Review of Different 
Treatment Systems for Households or Neighbourhoods. 
Swiss	Federal	Institute	of	Aquatic	Science	and	Technology	
(Eawag),	Dübendorf,	CH.	Available	free	for	download	at:	
www.sandec.ch
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Part 1: System Templates
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A system template defines a suite of compatible and 
proven technology combinations from which a sanita-
tion system can be designed. The system templates 
can be used to identify and display complete systems 
which take into account the management of all product 
flows between User Interface and Use or Disposal, and 
to compare the different options that are available in 
specific contexts.
This first part of the Compendium explains in detail how 
the system templates are read and used, and includes 
a presentation of the different templates. It describes 
the main considerations and the type of applications 
for which each system template is appropriate. 
The Compendium includes nine different system tem-
plates, ranging from simple (with few technology choic-
es and products) to complex (with multiple technology 
choices and products). Each system template is dis-
tinct in terms of the number of products generated and 
processed. The nine system templates are:
System 1:  Single Pit System
System 2:  Waterless Pit System without Sludge 
Production
System 3:  Pour Flush Pit System without Sludge 
Production
System 4:  Waterless System with Urine Diversion
System 5:  Biogas System
System 6:  Blackwater Treatment System with  
Infiltration
System 7:  Blackwater Treatment System with  
Effluent Transport
System 8:  Blackwater Transport to (Semi-)  
Centralized Treatment System
System 9:  Sewerage System with Urine Diversion
These systems have all proven their feasibility in 
practical applications. Each has their own character-
istic advantages and disadvantages, as well as scope 
of application. The Compendium, however, is not an 
exhaustive list of technologies and associated systems. 
In specific cases, technology combinations other than 
those presented in this document may be applicable.
Although the system templates are predefined, the 
Compendium user must select the appropriate tech-
nology from the options presented. The choice is con-
text-specific and should be made based on the local 
environment (temperature, rainfall, etc.), culture (sit-
ters, squatters, washers, wipers, etc.) and resources 
(human, financial and material).
 
 
Using the System Templates
T DU S C
Input/Output
Products
Input/Output
Products
Input/Output
Products
Input
Products
Collection
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Use and/or
Disposal
(Semi-)  
Centralized
Treatment
1
6
A sanitation system can be visualized as a matrix of 
functional groups (columns) and products (rows) 
that are linked together where potential combinations 
exist. Such a graphical presentation gives an overview 
of the technology components of a system and of all 
the products that it manages.
Products are successively collected, stored, transport-
ed and transformed along different compatible tech-
nologies from the five functional groups. The output of 
a technology in one functional group, thereby, becomes 
the input for the next. 
It is not always necessary for a product to pass through 
a technology from each of the five functional groups; 
however, the ordering of the functional groups should 
usually be maintained regardless of how many of them 
are included within the sanitation system.
Figures 2 and 3 explain the structure and elements of 
a system template.
The colour-coded columns represent the different functional groups
The grey columns show the input/output products which enter/exit the functional groups
Figure 2: Explanation of the different columns of a 
system template
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Input/Output
Products
Input/Output
Products
Input/Output
Products
Input
Products
Collection
and Storage/
Treatment
ConveyanceUser Interface
Use and/or
DisposalDU S C
Urine
Faeces
Flushwater
(Semi-)  
Centralized
Treatment
T
S.6   Twin Pits for  
Pour Flush Pit Humus
C.2   Human-Powered 
Emptying and 
Transport
U.4  Pour Flush Toilet Blackwater
D.4  Application
D.12   Surface Disposal 
and Storage
Figure 4: Example of how inputs enter into functional groups and are transformed
Steps for selecting sanitation options using the system templates
Figure 4 is an example from a system template. It 
shows how three products (Faeces, Urine and Flush-
water) enter a system and are managed using different 
sanitation technologies. The following text describes 
how the products move from left to right through col-
umns 1 – 9  of the system template.
1  Three inputs (Faeces, Urine and Flushwater) enter 
into 2  functional group U “User Interface” (Pour Flush 
Toilet). The Blackwater generated 3  then enters into 
4  functional group S “Collection and Storage/Treat-
ment” (Twin Pits for Pour Flush) and is transformed 
into 5  Pit Humus through storage and natural degra-
dation. The Pit Humus enters into 6  functional group 
C “Conveyance” (Human-Powered Emptying and Trans-
port) and skips over 7  functional group T “(Semi-)
Centralized Treatment“ (as it should be hygienically 
safe), and with no further 8  input/output products. It 
is directly transported to the final 9  functional group 
D “Use and/or Disposal”, where two possibilities exist. 
Depending on the local conditions, needs and prefer-
ences, the Pit Humus can be applied as a soil condi-
tioner in agriculture (Application) or brought to a tem-
porary storage or final disposal site (Surface Disposal 
and Storage).
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The nine system templates present the most logical 
combinations of technologies. However, the tech-
nologies and associated links are not exhaustive 
and planners should not lose a rational engineering 
perspective when trying to find the best possible 
solution for a specific context. Designers should 
attempt to minimize redundancy, optimize existing 
infrastructure and make use of local resources, while 
taking into account the local enabling environment 
(especially, factors such as skills and capacities, 
socio-cultural acceptance, financial resources and 
legal requirements).
The following procedure can be used to pre-select 
potential sanitation options:
1 2 3 4 5 6 7 8 9
1. Identify the products that are locally generated and/
or available (e.g., Anal Cleansing Water, Flushwater 
or Organics for composting)
2. Identify the system templates that process the 
defined products
3. For each template, select a technology from each 
functional group where there is a technology  
choice presented (box with multiple technologies); 
the series of technologies make up a system
4. Compare the systems and iteratively change individ-
ual technologies or use a different system template 
based on user priorities, the demand  
for specific end-products (e.g., Compost), economic 
constraints, and technical feasibility
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It may be useful to divide the planning zone under con-
sideration into sub-areas so that each one has, within 
it, similar characteristics and conditions. The procedure 
can then be followed for each of the separate sub-areas, 
and any number of systems can be chosen. 
A blank system template can be downloaded from 
www.sandec.ch/compendium. It can be printed and 
used to sketch site-specific sanitation systems, for 
example, when discussing different options with 
experts or stakeholders in a workshop.
A PowerPoint template is also available for download 
Parts of a sanitation system may already exist; in that 
case it is the goal of the planners and engineers to 
integrate existing infrastructure or services, yet to 
maintain flexibility, with user satisfaction as the pri-
mary goal.
that has pre-defined graphical elements (such as prod-
ucts, technologies and arrows), facilitating the prepara-
tion of customized sanitation system drawings.
The nine system templates are presented and 
described on the following pages. Each system tem-
plate is explained in detail.
Selection of sanitation options in the CLUES planning approach
In Community-Led 
Urban Environmental 
Sanitation Planning 
(CLUES), the fifth of 
seven steps is the 
“Identification of Ser-
vice Options”. 
The CLUES guidelines 
(see Sector Develop-
ment Tools, p. 8) give a 
detailed description of 
how the Compendium 
can be used in par-
ticipatory expert and 
community workshops 
to select and discuss 
appropriate sanitation 
solutions for an area. 
www.sandec.ch/clues
Step 
1
Step 
2
Step 
3
Step 
4
Step 
5
Step 
6
Step 
7
Process Ignition
and demand creation
Launch
of the planning process
Detailed Assessment
of the current situation
Implementation
of the Action Plan
Development of an
Action Plan
Prioritisation  
of the community  
problems & validation
Identification  
of Service Options
Action                                              Cross-cutting Tasks
ExPO
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ITY D
EVELO
PM
EN
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M
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ITO
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N
expose  
community 
to facilities 
and pilots
train and  
develop 
skills
develop  
monitoring 
plan  
& assess 
progress
monitoring  
& evaluation 
of implemen- 
tation
report
report
workshop
workshop
workshop
final workshop
The fact that a large majority of the world’s population 
is without access to adequate water, sanitation, drainage 
and solid waste services, presents strong evidence that 
conventional approaches to environmental sanitation are 
unable to make a significant dent in the backlog which 
exists in most parts of the developing world.
 
These guidelines present guiding principles for the plan-
ning and implementation of environmental sanitation 
infrastructure and services in disenfranchised urban and 
peri-urban communities. The planning approach builds 
on a framework which balances the needs of people 
with those of the environment to support human dignity 
and a healthy life. By involving all relevant stakeholders, 
particularly the beneficiary community, it aims to consider 
the entirety of perspectives and expectations. This allows 
finding the best possible environmental sanitation solu-
tion in a common agreement.   
In Part 1 the seven steps of the actual planning approach 
are explained. Part 2 describes why an enabling environ-
ment (political, legal, institutional, financial, socio-cultural 
and knowledge framework) is needed as a precondition 
for the success of a planning process and how it can be 
nurtured. Part 3 provides 30 practical tools in digital form 
which aim to support and streamli e the implementation 
of the process. The toolbox is provided on the enclosed 
memory key. 
Swiss Federal Institute of  
Aquatic Science and Technology 
www.eawag.ch
Water Supply and Sanitation 
Collaborative Council 
www.wsscc.org
UN-HABITAT 
www.un-habitat.org
>    Overview of the CLUES planni g approach
Figure 5: The seven steps of CLUES
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System 1:    Single Pit System
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This system is based on the use of a single pit tech-
nology to collect and store Excreta. The system can 
be used with or without Flushwater, depending on 
the User Interface. Inputs to the system can include 
Urine, Faeces, Anal Cleansing Water, Flushwater and 
Dry Cleansing Materials. The use of Flushwater and/or 
Anal Cleansing Water will depend on water availability 
and local habit. The User Interface for this system can 
either be a Dry Toilet (U.1) or a Pour Flush Toilet (U.4). A 
Urinal (U.3) could additionally be used. The User Inter-
face is directly connected to a Single Pit (S.2) or a Sin-
gle Ventilated Improved Pit (VIP, S.3) for Collection and 
Storage/Treatment.
When the pit is full there are several options. If there 
is space, the pit can be filled with soil and a fruit or 
ornamental tree can be planted, which will thrive in the 
nutrient rich environment (D.1), and a new pit built. This 
is generally only possible when the superstructure is 
mobile. Alternatively, the faecal Sludge that is generat-
ed from the Collection and Storage/Treatment technol-
ogy has to be removed and transported for further treat-
ment. The Conveyance technologies that can be used 
include Human-Powered Emptying and Transport (C.2) 
or Motorized Emptying and Transport (C.3). A vacuum 
truck can only empty liquid faecal Sludge. 
As the untreated faecal Sludge is highly pathogen-
ic, human contact and direct agricultural application 
should be avoided. The Sludge that is removed should 
be transported to a dedicated faecal Sludge treatment 
facility (T.13-T.17). In the event that such a facility is not 
easily accessible, the faecal Sludge can be discharged 
to a Transfer Station (C.7). From there, it will be trans-
ported to the treatment facility by a motorized vehicle 
(C.3). A technology selection tree for faecal Sludge 
treatment plants is provided in Strande et al., 2014 (see 
Sector Development Tools, p. 9). (Semi-) Centralized 
Treatment technologies (T.1-T.17) produce both Effluent 
and Sludge, which may require further treatment prior 
to Use and/or Disposal. For example, Effluent from a 
faecal Sludge treatment facility could be co-treated with 
wastewater in Waste Stabilization Ponds (T.5) or Con-
structed Wetlands (T.7-T.9). 
Options for the Use and/or Disposal of the treated Efflu-
ent include Irrigation (D.6), Fish Ponds (D.9), Floating 
Plant Ponds (D.10) or discharge to a water body (Water 
Disposal/Groundwater Recharge, D.11). After adequate 
treatment, Sludge can either be used in agriculture 
(D.5) or brought to a Storage/Disposal site (D.12).
Considerations This system should be chosen only 
where there is either enough space to continuously dig 
new pits or when there is an appropriate way to emp-
ty, treat and dispose of the faecal Sludge. In dense 
urban settlements, there may not be sufficient space 
to access a pit for desludging or to make a new pit. This 
system is, therefore, best suited to rural and peri-urban 
areas where the soil is appropriate for digging pits and 
absorbing the leachate. It is not recommended for areas 
prone to heavy rains or flooding, which may cause pits 
to overflow. 
Some Greywater in the pit may help degradation, but 
excessive amounts of Greywater may lead to quick fill-
ing of the pit and/or excessive leaching. All types of 
Dry Cleansing Materials can be discarded into the pit, 
although they may shorten the pit life and make it more 
difficult to empty. Whenever possible, Dry Cleansing 
Materials should be disposed of separately.
This system is one of the least expensive to construct in 
terms of capital cost. However, the maintenance costs 
may be considerable, depending on the frequency and 
method of pit emptying. If the ground is appropriate and 
has good absorptive capacity, the pit may be dug very 
deep (> 5m) and can be used for several years with-
out emptying (up to 20 or more years). However, the 
groundwater level and use should be taken into con-
sideration when digging pits in order to avoid contam-
inating it. Although different types of pits are common 
in most parts of the world, a well-designed pit-based 
system with appropriate transport, treatment and use 
or disposal is rare.
Guidelines for the safe use of Sludge have been pub-
lished by the World Health Organization (WHO) and 
are referenced on the relevant technology information 
sheets.
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This system is designed to produce a solid, earth-
like material by using alternating pits or a Compost-
ing Chamber (S.8). Inputs to the system can include 
Urine, Faeces, Organics, Anal Cleansing Water, and Dry 
Cleansing Materials. There is no use of Flushwater.
A Dry Toilet (U.1) is the recommended User Interface 
for this system, although a Urine-Diverting Dry Toilet 
(UDDT, U.2) or a Urinal (U.3) could also be used if the 
Urine is highly valued for application. A Dry Toilet does 
not require water to function and in fact, water should 
not be put into this system; Anal Cleansing Water should 
be kept at a minimum or even excluded if possible. 
The User Interface is directly connected to a Double 
Ventilated Improved Pit (S.4), Fossa Alterna (S.5) or a 
Composting Chamber (S.8) for Collection and Storage/
Treatment. 
Two alternating pits, as in the Double VIP or Fossa Alter-
na, give the material an opportunity to drain, degrade, 
and transform into Pit Humus (sometimes also called 
EcoHumus), a nutrient-rich, hygienically improved, 
humic material which is safe to excavate. When the 
first pit is full, it is covered and temporarily taken out 
of service. While the other pit is filling with Excreta 
(and potentially Organics), the content of the first pit 
is allowed to rest and degrade. Only when both pits are 
full is the first pit emptied and put back into service. 
This cycle can be indefinitely repeated. As the Excreta 
in the resting pit is draining and degrading for at least 
one year, the resulting Pit Humus needs to be manually 
removed using shovels, and vacuum truck access to the 
pits is not necessary.
A Composting Chamber is not strictly a pit technology, 
but it can also have alternating chambers and, if proper-
ly operated, produces safe, useable Compost. For these 
reasons it is included in this system template.
The Pit Humus or Compost that is generated from the 
Collection and Storage/Treatment technology can be 
removed and transported for Use and/or Disposal man-
ually using a Human-Powered Emptying and Transport 
service (C.2). Since it has undergone significant degra-
dation, the humic material is quite safe to handle and 
use as soil conditioner in agriculture (D.4). If there are 
concerns about the quality of the Pit Humus or Com-
post, it can be further composted in a dedicated com-
posting facility before it is used. If there is no use for 
the product, it can be temporarily stored or permanent-
ly disposed of (D.12).
This system is different from System 1 (Single Pit Sys-
tem) regarding the product generated at Collection and 
Storage/Treatment level. In the previous system, the 
Sludge required further treatment before it could be 
used, whereas the Pit Humus and Compost produced in 
this system are ready for Use and/or Disposal following 
Collection and Storage/Treatment.
Considerations Because the system is permanent 
and can be indefinitely used (as opposed to some Sin-
gle Pits, which may be filled and covered), it can be 
used where space is limited. Additionally, because the 
product must be manually removed, this system is suit-
able for dense areas that cannot be served by trucks 
for mechanical emptying (C.3). This system is especially 
appropriate for water-scarce areas and where there is 
an opportunity to use the humic product as soil con-
ditioner. The material that is removed should be in a 
safe, useable form, although proper personal protection 
should be used during removal, transport and use.
The success of this system depends on proper opera-
tion and an extended storage period. If a suitable and 
continuous source of soil, ash or Organics (leaves, grass 
clippings, coconut or rice husks, woodchips, etc.) is 
available, the decomposition process is enhanced and 
the storage period can be reduced. The required storage 
time can be minimized if the material in the pit remains 
well aerated and not too moist. Therefore, the Greywa-
ter must be collected and treated separately. Too much 
moisture in the pit will fill the air voids and deprive the 
microorganisms of oxygen, which may impair the degra-
dation process. Dry Cleansing Materials can usually be 
collected in the pit or chamber together with the Excre-
ta, especially if they are carbon-rich (e.g., toilet paper, 
newsprint, corncobs, etc.) as this may help degradation 
and air flow.
Guidelines for the safe use of Excreta have been pub-
lished by the World Health Organization (WHO) and 
are referenced on the relevant technology information 
sheets.
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System 2:    Waterless Pit System without Sludge Production
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This is a water-based system utilizing the Pour Flush 
Toilet (pedestal or squat pan, U.4) and Twin Pits (S.6) 
to produce a partially digested, humus-like product, 
that can be used as a soil amendment. If water is not 
available, please refer to Systems 1, 2 and 4. Inputs 
to the system can include Faeces, Urine, Flushwater, 
Anal Cleansing Water, Dry Cleansing Materials and 
Greywater. The User Interface technology for this sys-
tem is a Pour Flush Toilet (U.4). A Urinal (U.3) could 
additionally be used. The Blackwater output from the 
User Interface and possibly Greywater is discharged 
into Twin Pits for Pour Flush (S.6) for Collection and 
Storage/Treatment. The Twin Pits are lined with a 
porous material, allowing the liquid to infiltrate into 
the ground while solids accumulate and degrade 
at the bottom of the pit. While one pit is filling with 
Blackwater, the other pit remains out of service. When 
the first pit is full, it is covered and temporarily taken 
out of service. It should take a minimum of two years 
to fill a pit. When the second pit is full, the first pit is 
re-opened and emptied. 
After a resting time of at least two years, the content 
is transformed into Pit Humus (sometimes also called 
EcoHumus), a nutrient-rich, hygienically improved, 
humic material which is safe to excavate. Since it has 
undergone significant dewatering and degradation, 
Pit Humus is much more hygienic than raw, undigest-
ed Sludge. Therefore, it does not require further treat-
ment in a (Semi-) Centralized Treatment facility. The 
Pit Humus is removed using a Human-Powered Emp-
tying and Transport (C.2) technology and transport-
ed for Use and/or Disposal. The emptied pit is then 
put back into operation. This cycle can be indefinitely 
repeated.
Pit Humus has good soil conditioning properties and 
can be applied in agriculture (D.4). If there are con-
cerns about the quality of the Pit Humus, it can be 
further composted in a dedicated composting facility 
before it is used. If there is no use for the product, it 
can be temporarily stored or permanently disposed 
of (D.12).
Considerations This system is suited to rural and 
peri-urban areas with appropriate soil that can con-
tinually and adequately absorb the leachate. It is not 
appropriate for areas with clayey or densely packed 
soil. As leachate from Twin Pits directly infiltrates the 
surrounding soil, this system should only be installed 
where there is a low groundwater table that is not at 
risk of being contaminated from the pits. If there is 
frequent flooding or the groundwater table is too high 
and enters the Twin Pits, the dewatering process, par-
ticularly, in the resting pit, will be hindered. The mate-
rial that is removed should be in a safe, useable form, 
although proper personal protection should be used 
during removal, transport and use.
Greywater can be co-managed along with the Black-
water in the Twin Pits, especially if the Greywater 
quantities are relatively small, and no other man-
agement system is in place to control it. However, 
large quantities of Flushwater and/or Greywater may 
result in excessive leaching from the pit and possibly 
groundwater contamination.
This system is well-suited for anal cleansing with 
water. If possible, Dry Cleansing Materials should be 
collected and disposed of separately (D.12) because 
they may clog the pipe fittings and prevent the liquid 
inside the pit from infiltrating into the soil.
Guidelines for the safe use of Excreta have been pub-
lished by the World Health Organization (WHO) and 
are referenced on the relevant technology information 
sheets.
System 3:    Pour Flush Pit System without Sludge Production
R4: APPLICATION OF COMPOST/ECO-HUMUS 
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U4: POUR FLUSH TOILET 
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This system is designed to separate Urine and Fae-
ces to allow the Faeces to dehydrate and/or recover 
the Urine for beneficial use. Inputs to the system can 
include Faeces, Urine, Anal Cleansing Water and Dry 
Cleansing Materials.
The main User Interface technology for this system 
is the Urine-Diverting Dry Toilet (UDDT, U.2), which 
allows Urine and Faeces to be separately collected. A 
Urinal (U.3) can additionally be installed for the effec-
tive collection of Urine. Different UDDT designs exist 
for different preferences (e.g., models with a third 
diversion for Anal Cleansing Water).
Dehydration Vaults (S.7) are used for the Collection 
and Storage/Treatment of Faeces. When storing the 
Faeces in vaults, they should be kept as dry as pos-
sible to encourage dehydration and pathogen reduc-
tion. Therefore, the chambers should be watertight 
and care should be taken to ensure that no water is 
introduced. Anal Cleansing Water should never be put 
into Dehydration Vaults, but it can be diverted and 
discharged into a Soak Pit (D.7). Also important is a 
constant supply of ash, lime, soil, or sawdust to cover 
the Faeces. This helps to absorb humidity, minimize 
odours and provide a barrier between the Faeces and 
potential vectors (flies). If ash or lime are used, the 
related pH increase will also help to kill pathogenic 
organisms.
For the Collection and Storage/Treatment of Urine, 
Storage Tanks (S.1) are used. Alternatively, Urine can 
also be diverted directly to the ground through an Irriga-
tion system (D.6) or infiltrated through a Soak Pit (D.7). 
Stored Urine can be easily handled and poses little 
risk because it is nearly sterile. With its high nutri-
ent content it can be used as a good liquid fertiliz-
er. Stored Urine can be transported for Application 
in agriculture (D.2) using either Jerrycans or a Tank 
(C.1), or a Motorized Emptying and Transport technol-
ogy (C.3) – the same way that bulk water or Sludge is 
transported to fields. 
Human-Powered Emptying and Transport (C.2) is 
required for the removal and Conveyance of the Dried 
Faeces generated from the Dehydration Vaults. The 
alternating use of double Dehydration Vaults allows 
for an extended dehydration period so that the Dried 
Faeces pose little human health risk when they are 
removed. A minimum storage time of 6 months is 
recommended when ash or lime are used as cover 
material. The Dried Faeces can then be applied as 
soil conditioner (D.3). If there are concerns about the 
quality of the material, it can be further composted 
in a dedicated composting facility before it is used. If 
there is no use for the product, it can be temporarily 
stored or permanently disposed of (D.12).
Considerations This system can be used anywhere, 
but is especially appropriate for rocky areas where 
digging is difficult, where there is a high groundwa-
ter table, or in water-scarce regions. The success of 
this system depends on the efficient separation of 
Urine and Faeces, as well as the use of a suitable cov-
er material. A dry, hot climate can also considerably 
contribute to the rapid dehydration of the Faeces. 
The material that is removed should be in a safe, use-
able form, although proper personal protection should 
be used during removal, transport and use.
A separate Greywater system is required since it 
should not be introduced into the Dehydration Vaults.
If there is no agricultural need and/or no acceptance 
of using the urine, it can be directly infiltrated into the 
soil or into a Soak Pit. Where there are no suppliers 
of prefabricated UDDT pedestals or slabs, they can be 
locally manufactured using available materials.
All types of Dry Cleansing Materials can be used, 
although it is best to separately collect them as they 
will not decompose in the vaults and use up space. 
Anal Cleansing Water must be separated from the 
Faeces, but it can be mixed with the Urine if it is trans-
ferred to a Soak Pit. If Urine is used in agriculture, 
Anal Cleansing Water should be kept separate and 
infiltrated locally or treated along with Greywater. 
Guidelines for the safe use of Faeces and Urine have 
been published by the World Health Organization 
(WHO) and are referenced on the relevant technology 
information sheets.
System 4:    Waterless System with Urine Diversion
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This system is based on the use of a Biogas Reactor 
(S.12) to collect, store and treat the Excreta. Addition-
ally, the Biogas Reactor produces Biogas which can be 
burned for cooking, lighting or electricity generation. 
Inputs to the system can include Urine, Faeces, Flush-
water, Anal Cleansing Water, Dry Cleansing Materials, 
Organics (e.g., market or kitchen waste) and, if avail-
able, animal waste.
This system supports two different User Interface 
technologies: a Pour Flush Toilet (U.4) or, if there is 
a demand for the urine to be used in agriculture, a 
Urine-Diverting Flush Toilet (U.6). A Urinal (U.3) could 
additionally be used. The User Interface is directly 
connected to a Biogas Reactor (S.12, also known as 
an anaerobic digester) for Collection and Storage/
Treatment. If a Urine-Diverting Flush Toilet is installed 
(and/or a Urinal), it will be connected to a Storage 
Tank (S.1) for Urine collection.
Depending on the loading and design of the Biogas 
Reactor, a thin or thick digestate (Sludge) will be con-
tinuously discharged. Because of the high volume and 
weight of the material generated, the Sludge should 
be used onsite. In some circumstances, a very thin 
digestate can be discharged to a sewer (though this is 
not shown on the system template here).
Although the Sludge has undergone anaerobic diges-
tion, it is not pathogen free and should be used with 
caution, especially if there is no further treatment. 
Depending on how it is used, additional treatment 
(e.g., in Planted Drying Beds, T.15) may be required 
before application. It is nutrient-rich and a good ferti-
lizer that can be applied in agriculture (D.5) or trans-
ported to a Surface Disposal or Storage site (D.12). 
The Biogas produced must be constantly used, for 
example as a clean fuel for cooking or for lighting 
(D.13). If the gas is not burned, it will accumulate in 
the tank and, with increasing pressure, will push out 
the digestate until the Biogas escapes to the atmos-
phere through the digestate outlet. 
A Biogas Reactor can work with or without Urine. The 
advantage of diverting Urine from the reactor is that 
it can be used separately as a concentrated nutrient 
source without pathogen contamination. The Urine 
collected in the Storage Tank is ideally applied on 
local fields (D.2). Stored Urine can be transported in 
Jerrycans or a Tank (C.1), or using a Motorized Empty-
ing and Transport technology (C.3).
Considerations This system is best suited to rural 
and peri-urban areas where there is appropriate 
space, a regular source of organic substrate for the 
Biogas Reactor and a use for the digestate and Bio-
gas. The reactor itself can be built underground (e.g., 
under agricultural land, and in some cases roads) and, 
therefore, does not require a lot of space. Although a 
reactor may be feasible in a dense urban area, prop-
er Sludge management is crucial and needs specific 
attention. Because the digestate production is contin-
uous, there must be provisions made for year-round 
use and/or transport away from the site.
The Biogas Reactor can function with a large range 
of inputs and is especially suitable where a constant 
source of animal manure is available, or where market 
and kitchen waste is abundant. On farms, for example, 
large quantities of Biogas can be produced if animal 
manure is co-digested with the Blackwater, whereas 
significant gas production would not be achieved from 
human Excreta alone. Wood material or straw are diffi-
cult to degrade and should be avoided in the substrate.
Achieving a good balance between Excreta (both 
human and animal), Organics and water can take 
some time, though the system is generally forgiv-
ing. However, care should be taken not to overload 
the system with either too many solids or too much 
liquid (e.g., Greywater should not be added into the 
Biogas Reactor as it substantially reduces the hydraulic 
retention time).
Most types of Dry Cleansing Materials and Organics 
can be discharged into the Biogas Reactor, although 
to accelerate digestion and ensure even reactions 
within the tank, large items should be broken or cut 
into small pieces.
Guidelines for the safe use of Sludge have been pub-
lished by the World Health Organization (WHO) and 
are referenced on the relevant technology informa-
tion sheets.
System 5:    Biogas System
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This is a water-based system that requires a flush toi-
let and a Collection and Storage/Treatment technolo-
gy that is appropriate for receiving large quantities of 
water. Inputs to the system can include Faeces, Urine, 
Flushwater, Anal Cleansing Water, Dry Cleansing Mate-
rials and Greywater. There are two User Interface tech-
nologies that can be used for this system: a Pour Flush 
Toilet (U.4) or a Cistern Flush Toilet (U.5). A Urinal (U.3) 
could additionally be used. The User Interface is direct-
ly connected to a Collection and Storage/Treatment 
technology for the Blackwater that is generated: either 
a Septic Tank (S.9), an Anaerobic Baffled Reactor (ABR, 
S.10), or an Anaerobic Filter (S.11) may be used. The 
anaerobic processes reduce the organic and pathogen 
load, but the Effluent is still not suitable for direct use. 
Greywater should be treated along with Blackwater in 
the same Collection and Storage/Treatment technology, 
but if there is a need for water recovery, it can be treated 
separately (this is not shown on the system template).
Effluent generated from the Collection and Storage/
Treatment can be directly diverted to the ground for Use 
and/or Disposal through a Soak Pit (D.7) or a Leach 
Field (D.8). Although it is not recommended, the Efflu-
ent can also be discharged into the Stormwater drain-
age network for Water Disposal/Groundwater Recharge 
(D.11). This should only be considered if the quality of 
the Effluent is high and if there is no capacity for onsite 
infiltration or transportation offsite.
The Sludge that is generated from the Collection and 
Storage/Treatment technology must be removed and 
transported for further treatment. The Conveyance 
technologies that can be used include Human-Pow-
ered (C.2) or Motorized Emptying and Transport (C.3). 
As the Sludge is highly pathogenic prior to treatment, 
human contact and direct agricultural application 
should be avoided. The Sludge that is removed should 
be transported to a dedicated Sludge treatment facility 
(T.13-T.17). In the event that such a facility is not easily 
accessible, the Sludge can be discharged to a Transfer 
Station (C.7). From the Transfer Station it will then be 
transported to the treatment facility by a motorized 
vehicle (C.3).
A technology selection tree for Sludge treatment plants 
is provided in Strande et al., 2014 (see Sector Develop-
ment Tools, p. 9). (Semi-) Centralized Treatment tech-
nologies (T.1-T.17) produce both Effluent and Sludge, 
which may require further treatment prior to Use and/
or Disposal. For example, Effluent from a Sludge treat-
ment facility could be co-treated with wastewater in 
Waste Stabilization Ponds (T.5) or Constructed Wet-
lands (T.7-T.9). 
Options for the Use and/or Disposal of the treated Efflu-
ent include Irrigation (D.6), Fish Ponds (D.9), Floating 
Plant Ponds (D.10) or discharge to a water body (Water 
Disposal/Groundwater Recharge, D.11). After adequate 
treatment, Sludge can either be used in agriculture 
(D.5) or brought to a Storage/Disposal site (D.12).
Considerations This system is only appropriate 
in areas where desludging services are available and 
affordable and where there is an appropriate way to dis-
pose of the Sludge. For the infiltration technologies to 
work there must be sufficient available space and the 
soil must have a suitable capacity to absorb the Efflu-
ent. If this is not the case, refer to System 7 (Blackwater 
Treatment System with Effluent Transport). This system 
can be adapted for use in colder climates, even where 
there is ground frost. The system requires a constant 
source of water. 
This water-based system is suitable for Anal Cleans-
ing Water inputs, and, since the solids are settled and 
digested onsite, easily degradable Dry Cleansing Mate-
rials can also be used. However, rigid or non-degradable 
materials (e.g., leaves, rags) could clog the system and 
cause problems with emptying and, therefore, should 
not be used. In cases when Dry Cleansing Materials are 
collected separately from the flush toilets, they should 
be disposed of in an appropriate way (e.g., Surface Dis-
posal, D.12). 
The capital investment for this system is considerable 
(excavation and installation of an onsite storage and 
infiltration technology), but the costs can be shared by 
several households if the system is designed for a larger 
number of users. 
Guidelines for the safe use of Effluent and Sludge have 
been published by the World Health Organization (WHO) 
and are referenced on the relevant technology informa-
tion sheets.
System 6:    Blackwater Treatment System with Infiltration
D7: Leach Field
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This system is characterized by the use of a house-
hold-level technology to remove and digest settleable 
solids from the Blackwater, and a Simplified (C.4) or 
Solids-Free (C.5) Sewer system to transport the Efflu-
ent to a (Semi-) Centralized Treatment facility. Inputs 
to the system can include Faeces, Urine, Flushwater, 
Anal Cleansing Water, Dry Cleansing Materials and 
Greywater. 
This system is comparable to System 6 (Blackwa-
ter Treatment System with Infiltration) except that 
the management of the Effluent generated during 
Collection and Storage/Treatment of the Blackwa-
ter is different: the Effluent from Septic Tanks (S.9), 
Anaerobic Baffled Reactors (S.10) or Anaerobic Filters 
(S.11) is transported to a (Semi-) Centralized Treat-
ment facility via a Simplified or a Solids-Free Sewer. 
The Collection and Storage/Treatment units serve as 
“interceptor tanks” and allow for the use of simplified 
small-diameter sewers, as the Effluent is free from 
settleable solids. Similar to System 6, the Effluent can 
also alternatively be discharged into the Stormwater 
drainage network for Water Disposal/Groundwater 
Recharge (D.11), although this is not the recommend-
ed approach. This should only be considered if the 
quality of the Effluent is high and transportation to a 
treatment plant is not feasible.
Effluent transported to a treatment facility is treated 
using a combination of the technologies T.1-T.12. As in 
System 6, the Sludge from the Collection and Storage/
Treatment technology must be removed and transport-
ed for further treatment in a dedicated Sludge treat-
ment facility (T.13-T.17).
A technology selection tree for Sludge treatment plants 
is provided in Strande et al., 2014 (see Sector Develop-
ment Tools, p. 9). (Semi-) Centralized Treatment tech-
nologies (T.1-T.17) produce both Effluent and Sludge, 
which may require further treatment prior to Use and/
or Disposal. 
Options for the Use and/or Disposal of the treated Efflu-
ent include Irrigation (D.6), Fish Ponds (D.9), Floating 
Plant Ponds (D.10) or discharge to a water body (Water 
Disposal/Groundwater Recharge, D.11). After adequate 
treatment, Sludge can either be used in agriculture 
(D.5) or brought to a Storage/Disposal site (D.12).
Considerations This system is especially appropriate 
for urban settlements where the soil is not suitable for 
the infiltration of Effluent. Since the sewer network is 
shallow and (ideally) watertight, it is also applicable for 
areas with high groundwater tables. This system can be 
used as a way of upgrading existing, under-performing 
Collection and Storage/Treatment technologies (e.g., 
Septic Tanks) by providing improved treatment.
The success of this system depends on high user com-
mitment concerning the operation and maintenance 
of the sewer network. A person or organization can be 
made responsible on behalf of the users. There must 
be an affordable and systematic method for desludging 
the interceptors since one user’s improperly maintained 
tank could adversely impact the entire sewer network. 
Also important is a well-functioning and properly main-
tained treatment facility. In some cases this will be 
managed at the municipal or regional level. In the case 
of a more local, small-scale solution (e.g., constructed 
wetlands), operation and maintenance responsibilities 
could also be organized on the community level.
This water-based system is suitable for Anal Cleansing 
Water inputs, and, since the solids are settled and digest-
ed onsite, easily degradable Dry Cleansing Materials can 
be used. However, rigid or non-degradable materials (e.g., 
leaves, rags) could clog the system and cause problems 
with emptying and, therefore, should not be used. In cas-
es when Dry Cleansing Materials are separately collected 
from the flush toilets, they should be disposed of in an 
appropriate way (e.g., Surface Disposal, D.12).
With the offsite transport of the Effluent to a (Semi-) 
Centralized Treatment facility, the capital investment 
for this system is considerable. Installation of an onsite 
Collection and Storage/Treatment technology may be 
costly, but the design and installation of a Simplified or 
Solids-Free Sewer will be considerably less expensive 
than a Conventional Gravity Sewer network. The offsite 
treatment plant itself is also an important cost factor, 
particularly, if there is no pre-existing facility to which 
the sewer can be connected.
Guidelines for the safe use of Effluent and Sludge have 
been published by the World Health Organization (WHO) 
and are referenced on the relevant technology informa-
tion sheets.
System 7:    Blackwater Treatment System with Effluent Transport
C3: MOTORIZED EMPTYING AND TRANSPORT  
sludge
T6: HORIZONTAL SUBSURFACE FLOW CW 95
inlet pipe and gravel for
wastewater distribution
wet well and cover
rhizome network small gravel
slope 1%
wetland plants (macrophytes)
inlet
outlet
liner
effluent outlet
(height variable)
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C5: SETTLED (SOLIDS FREE) SEWER 
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This is a water-based sewer system in which Black-
water is transported to a Centralized or Semi-Central-
ized Treatment facility. The important characteristic 
of this system is that there is no Collection and Stor-
age/Treatment. Inputs to the system include Faeces, 
Urine, Flushwater, Anal Cleansing Water, Dry Cleans-
ing Materials, Greywater and possibly Stormwater. 
There are two User Interface technologies that can 
be used for this system: a Pour Flush Toilet (U.4) or 
a Cistern Flush Toilet (U.5). A Urinal (U.3) could addi-
tionally be used. The Blackwater that is generated at 
the User Interface together with Greywater is directly 
conveyed to a (Semi-) Centralized Treatment facility 
through a Simplified (C.4) or a Conventional Gravity 
Sewer network (C.6). 
Stormwater could also be put into the Gravity Sewer 
network, although this would dilute the wastewater 
and require Stormwater overflows. Therefore, local 
retention and infiltration of Stormwater or a separate 
drainage system for rainwater are the recommended 
approaches. 
As there is no Collection and Storage/Treatment, all 
of the Blackwater is transported to a (Semi-) Central-
ized Treatment facility. The inclusion of Greywater in 
the Conveyance technology helps to prevent solids 
from accumulating in the sewers. 
A combination of the technologies T.1-T.12 is required 
for the treatment of the transported Blackwater. The 
Sludge generated from these technologies must 
be further treated in a dedicated Sludge treatment 
facility (technologies T.13-T.17) prior to Use and/or 
Disposal.
Options for the Use and/or Disposal of the treated 
Effluent include Irrigation (D.6), Fish Ponds (D.9), 
Floating Plant Ponds (D.10) or discharge to a water 
body (Water Disposal/Groundwater Recharge, D.11). 
After adequate treatment, Sludge can either be used 
in agriculture (D.5) or brought to a Storage/Disposal 
site (D.12).
Considerations This system is especially appro-
priate for dense, urban and peri-urban settlements 
where there is little or no space for onsite storage 
technologies or emptying. The system is not well-suit-
ed to rural areas with low housing densities. Since the 
sewer network is (ideally) watertight, it is also appli-
cable for areas with high groundwater tables. There 
must be a constant supply of water to ensure that the 
sewers do not become blocked.
Dry Cleansing Materials can be handled by the system 
or they can be collected and separately disposed of 
(e.g., Surface Disposal, D.12). 
The capital investment for this system can be very 
high. Conventional Gravity Sewers require extensive 
excavation and installation that is expensive, whereas 
Simplified Sewers are generally less expensive if the 
site conditions permit a condominial design. Users 
may be required to pay user fees for the system and 
its maintenance. Depending on the sewer type and 
management structure (Simplified vs. Conventional, 
city-run vs. community-operated) there will be varying 
degrees of operation or maintenance responsibilities 
for the homeowner.
This system is most appropriate when there is a high 
willingness and ability to pay for the capital invest-
ment and maintenance costs and where there is a 
pre-existing treatment facility that has the capacity to 
accept additional flow.
Guidelines for the safe use of Effluent and Sludge 
have been published by the World Health Organization 
(WHO) and are referenced on the relevant technology 
information sheets.
System 8:    Blackwater Transport to (Semi-) Centralized Treatment System
C6: CONVENTIONAL GRAVITY SEWER 
manhole
sewer main
T8: TRICKLING FILTER  99
feed pipe
outlet
air
filter
sprinkler
collection
filter support
D10: WATER DISPOSAL/GW RECHARGE  135
treated effluent
water course
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This is a water-based system that requires a Urine-Di-
verting Flush Toilet (UDFT, U.6) and a sewer. The UDFT is 
a special User Interface that allows for the separate col-
lection of Urine without water, although it uses water to 
flush Faeces. Inputs to the system can include Faeces, 
Urine, Flushwater, Anal Cleansing Water, Dry Cleansing 
Materials, Greywater and possibly Stormwater. 
The main User Interface technology for this system 
is the UDFT (U.6). A Urinal (U.3) can be an additional 
installation for the effective collection of Urine. Brown-
water and Urine are separated at the User Interface. 
Brownwater bypasses a Collection and Storage/Treat-
ment technology and is conveyed directly to a (Semi-) 
Centralized Treatment facility using a Simplified (C.4) 
or a Conventional Gravity Sewer network (C.6). Grey-
water is also transported in the sewer and is not sepa-
rately treated. 
Stormwater could also be put into the Gravity Sewer 
network, although this would dilute the wastewater 
and require Stormwater overflows. Therefore, local 
retention and infiltration of Stormwater or a separate 
drainage system for rainwater are the recommended 
approaches. 
Urine diverted at the User Interface is collected in a 
Storage Tank (S.1). Stored Urine can be handled easily 
and with little risk because it is nearly sterile. With its 
high nutrient content it can be used as a good liquid 
fertilizer. Stored Urine can be transported for Applica-
tion in agriculture (D.2) either using Jerrycans or a Tank 
(C.1), or a Motorized Emptying and Transport technol-
ogy (C.3) – the same way that bulk water or Sludge is 
transported to fields. 
Brownwater is treated at a (Semi-) Centralized Treat-
ment facility using a combination of the technologies 
T.1-T.12. The Sludge generated from these technol-
ogies must be further treated in a dedicated Sludge 
treatment facility (technologies T.13-T.17) prior to Use 
and/or Disposal. Options for the Use and/or Dispos-
al of the treated Effluent include Irrigation (D.6), Fish 
Ponds (D.9), Floating Plant Ponds (D.10) or discharge to 
a water body (Water Disposal/Groundwater Recharge, 
D.11). After adequate treatment, Sludge can either be 
used in agriculture (D.5) or brought to a Storage/Dis-
posal site (D.12).
Considerations This system is only appropriate 
when there is a need for the separated Urine and/
or when there is a desire to limit water consumption 
by using a low-flush UDFT (although the system still 
requires a constant source of water). There may also 
be benefits to the treatment plant if it is normally 
overloaded; the reduced nutrient load (by removing 
the Urine) could optimize treatment. However, if the 
plant is currently underloaded (i.e., it has been overde-
signed), then this system could further aggravate the 
problem. Depending on the type of sewers used, this 
system can be adapted for both dense urban and 
peri-urban areas. It is not well-suited to rural areas 
with low housing densities. Since the sewer network 
is (ideally) watertight, it is also applicable for areas 
with high groundwater tables. 
Dry Cleansing Materials can be handled by the system 
or they can be collected and separately disposed of 
(e.g., Surface Disposal, D.12). 
UDFTs are not common and the capital cost for this 
system can be very high. This is partly due to the fact 
that there is limited competition in the User Interface 
market and also because high quality workmanship is 
required for the dual plumbing system. Conventional 
Gravity Sewers require extensive excavation and instal-
lation which is expensive, whereas Simplified Sew-
ers are generally less expensive if the site conditions 
permit a condominial design. Users may be required 
to pay user fees for the system and its maintenance. 
Depending on the sewer type and management struc-
ture (Simplified vs. Conventional, city-run vs. commu-
nity-operated, Urine transport and Application) there 
will be varying degrees of operation or maintenance 
responsibilities for the homeowner.
This system is most appropriate when there is a high 
willingness and ability to pay for the capital investment 
and maintenance costs and where there is a pre-exist-
ing treatment facility that has the capacity to accept 
additional flow.
Guidelines for the safe use of Urine, Effluent and Sludge 
have been published by the World Health Organization 
(WHO) and are referenced on the relevant technology 
information sheets.
System 9:    Sewerage System with Urine Diversion
U6: FLUSH TOILET WITH URINE SEPARATION
S1: URINE STORAGE TANK/CONTAINER
C4: SIMPLIFIED SEWERS  
inspection chamber
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Part 2: Functional Groups with Technology Information Sheets
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The second part of the Compendium provides an over-
view of the different sanitation technologies within 
each functional group by explaining how they work, 
where they can be used and their advantages and dis-
advantages.
For each technology described in the system tem-
plates, there is a technology information sheet 
that includes an illustration, a summary of the tech-
nology, and a discussion of its appropriate applica-
tions and limitations. An explanation of how to read 
the technology information sheets is given on the 
following two pages.
The double-page description of the technologies is 
not intended to be a design manual or technical ref-
erence; rather, it is meant to be a starting point for 
further detailed design. Moreover, the technology 
descriptions are to serve as a source of inspiration 
and discussion amongst engineers and planners who 
may not have previously considered all of the feasible 
options.
The technologies are arranged and colour-coded 
according to the associated functional group:
U   User Interface (Technologies U.1-U.6): Red 
S   Collection and Storage/Treatment 
 (Technologies S.1-S.12): Orange
C   Conveyance (Technologies C.1-C.7): Yellow
T   (Semi-) Centralized Treatment 
 (Technologies PRE, T.1-T.17, POST): Green
D   Use and/or Disposal (Technologies D.1-D.13): Blue
Each technology within a given functional group is 
assigned a reference code with a single letter and 
number; the letter corresponds to the functional 
group (e.g., U for User Interface) and the number, 
going from lowest to highest, indicates approximately 
how resource intensive (i.e., economic, material and 
human) the technology is compared to the other tech-
nologies within the group.
The closing section introduces newly emerging tech-
nologies, which although still under development 
and being tested, show great promise for future 
application.
Reading the Technology Information Sheets
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1  The title with colour, letter and number code. 
The colour code (orange) and the letter (S) indicate that 
the technology belongs to the functional group Collec-
tion and Storage/Treatment (S). The number (8) indi-
cates that it is the eighth technology within that func-
tional group.
Each technology description page has a similar colour, 
letter and number code, allowing for easy access and 
cross-referencing.
2  Applicable to System 2. This indicates in which 
system template the technology can be found. In this 
case, the Composting Chamber can be found (and only 
found) in System 2. Other technologies may be applica-
ble to more than one system.
3  Application Level. Three spatial levels are defined 
under this heading:
• Household implies that the technology is appropri-
ate for one or several households.
• Neighbourhood means that the technology is appro-
priate for anywhere between several and several 
hundred households.
• City implies that the technology is appropriate at the 
city-wide level (either one unit for the whole city, or 
many units for different parts of the city).
Stars are used to indicate how appropriate each level is 
for the given technology:
• two stars means suitable,
• one star means less suitable, and
• no star means not suitable.
It is up to the Compendium user to decide on the appro-
priate level for the specific situation that he/she is 
working on.
The Application Level graphic is only meant to be a rough 
guide to be used in the preliminary planning stage.
The technologies within the functional group User Inter-
face do not include an Application Level since they can 
only service a limited number of people.
4  Management Level describes the organization-
al style best used for the operation and maintenance 
(O&M) of the given technology:
• Household implies that the household, e.g., the 
family, is responsible for all O&M.
• Shared means that a group of users (e.g., at a 
school, a community-based organization, or market 
vendors) handles the O&M by ensuring that a per-
son or a committee is responsible for it on behalf 
of all users. Shared facilities are defined by the fact 
that the community of users decides who is allowed 
to use the facility and what their responsibilities are; 
it is a self-defined group of users.
• Public implies institutional or government run facili-
ties, and all O&M is assumed by the agency operat-
ing the facility. Usually, only users who can pay for 
the service are permitted to use public facilities. 
The Composting Chamber in this example can be man-
aged by all three styles, even though it is less suitable 
for public installations.
The technologies in the functional group User Interface 
do not include a Management Level since maintenance 
Composting Chamber
Inputs:    Excreta    Faeces    Organics 
(+  Dry Cleansing Materials)
Outputs:    Compost    Effluent
Applicable to:
System 2S.8
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





1
2
53 4
6
The following figure is an example of the heading of a technology information sheet.
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is dependent on the subsequent technologies, and not 
simply on the User Interface.
5  Inputs refers to the products that flow into the giv-
en technology. 
The icons shown without parentheses are the regular 
inputs that will typically go into a technology. For some 
technologies, these products represent alternatives or 
options (possibilities) of which not all are necessary. 
Hence, the regular icons represent the mandatory prod-
ucts or choice of mandatory main products.
Products in parentheses () are additional (optional) 
products that may or may not be used or occur as input 
products, depending on the design or context. 
Where a product occurs mixed with another product, 
this is indicated by the plus +. The product following 
the + is mixed with the preceding product(s). In other 
words: both of the products on either side of the + 
are included in the given technology and are mixed 
together.
In this example, Excreta or Faeces (if the UDDT is used 
as User Interface) and Organics are the main products 
that can be processed by the Composting Chamber. 
Dry Cleansing Materials may also be included (the 
parentheses indicate that this is an additional, option-
al input in case the users are wipers and biodegrada-
ble Dry Cleansing Materials are used). Dry Cleansing 
Materials are not separated from Excreta or Faeces at 
the User Interface and, therefore, enter the Compost-
ing Chamber along with the previous products (indi-
cated by the +). Anal Cleansing Water must not be 
discharged into the Composting Chamber; therefore, 
it is not listed.
6  Outputs refers to the products that flow out of the 
given technology. 
The icons shown without parentheses are the regular 
outputs that typically come out of a technology. 
Products in parentheses () are additional (optional) 
products that may or may not occur as output products, 
depending on the design or context. 
When these products occur mixed with another product, 
this is indicated by the plus +. The product following the 
+ is mixed with the preceding product(s). In other words: 
both of the products on either side of the + emanate 
from the given technology in a mixed form.
In this example, the Composting Chamber produces two 
separate products: Compost and Effluent (leachate).
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U
This section describes the technologies with which the user interacts, i.e., 
the type of toilet, pedestal, pan, or urinal used by the user. The User Inter-
face must guarantee that human excreta is hygienically separated from 
human contact to prevent exposure to faecal contamination. There are 
two main types of interfaces: dry technologies that operate without wa-
ter (U.1-U.3) and water-based technologies that need a regular supply of 
water to properly function (U.4-U.6). Different User Interface technologies 
generate different output products. This influences the subsequent type of 
Collection and Storage/Treatment or Conveyance technology.
U.1  Dry Toilet
U.2  Urine-Diverting Dry Toilet (UDDT)
U.3  Urinal
U.4  Pour Flush Toilet
U.5  Cistern Flush Toilet
U.6  Urine-Diverting Flush Toilet (UDFT)
In any given context, the technology choice generally depends on the 
following factors:
• Availability of water for flushing
• Habits and preferences of the users (sitting or squatting, washing or wiping)
• Special needs of user groups
• Local availability of materials
• Compatibility with the subsequent Collection and Storage/Treatment or 
Conveyance technology
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User Interface U
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Dry Toilet
Inputs:    Faeces    Urine
(  Anal Cleansing Water) (  Dry Cleansing Materials) 
Outputs:    Excreta   (+  Anal Cleansing Water)
(+  Dry Cleansing Materials)U1: DRY TOILET 
slab
option 1
option 2
Applicable to:
Systems 1, 2
A dry toilet is a toilet that operates without flushwa-
ter. The dry toilet may be a raised pedestal on which 
the user can sit, or a squat pan over which the user 
squats. In both cases, excreta (both urine and fae-
ces) fall through a drop hole.
In this compendium, a dry toilet refers specifically to the 
device over which the user sits or squats. In other liter-
ature, a dry toilet may refer to a variety of technologies, 
or combinations of technologies (especially pits).
Design Considerations The dry toilet is usually 
placed over a pit; if two pits are used, the pedestal or 
slab should be designed in such a way that it can be 
lifted and moved from one pit to another.
The slab or pedestal base should be well sized to the 
pit so that it is both safe for the user and prevents 
stormwater from infiltrating the pit (which may cause 
it to overflow). The hole can be closed with a lid to 
prevent unwanted intrusion from insects or rodents.
Pedestals and squatting slabs can be made locally 
with concrete (providing that sand and cement are 
available). Fibreglass, porcelain and stainless steel 
versions may also be available. Wooden or metal 
moulds can be used to produce several units quickly 
and efficiently.
Appropriateness Dry toilets are easy for almost 
everyone to use though special consideration may need 
to be made for elderly or disabled users who may have 
difficulty. When dry toilets are made locally, they can 
be specially designed to meet the needs of the target 
users (e.g., smaller ones for children). Because there is 
no need to separate urine and faeces, they are often the 
simplest and physically most comfortable option.
Health Aspects/Acceptance Squatting is a natural 
position for many people and so a well-kept squatting 
slab may be the most acceptable option.
Since dry toilets do not have a water seal, odours may 
be a problem depending on the Collection and Storage/
Treatment technology connected to them.
Operation & Maintenance The sitting or standing 
surface should be kept clean and dry to prevent patho-
gen/disease transmission and to limit odours.
There are no mechanical parts; therefore, the dry toilet 
should not need repairs except in the event that it cracks.
U.1
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U.1
Pros & Cons
+  Does not require a constant source of water
+  Can be built and repaired with locally available  
materials
+  Low capital and operating costs
+  Suitable for all types of users (sitters, squatters, 
washers, wipers)
-  Odours are normally noticeable (even if the vault  
or pit used to collect excreta is equipped with a  
vent pipe)
-  The excreta pile is visible, except where a deep pit  
is used
-  Vectors such as flies are hard to control unless fly 
traps and appropriate covers are used 
References & Further Reading  
_	Brandberg,	B.	(1997).	Latrine Building. A Handbook for Imple-
mentation of the Sanplat System.	Intermediate	Technology	
Publications,	London,	UK.	pp.	55-77.	
(Describes	how	to	build	a	squatting	slab	and	the	moulds	for	
the	frame,	footrests,	spacers,	etc.)
_	CAWST	(2011).	Introduction to Low Cost Sanitation. Latrine 
Construction. A CAWST Construction Manual.	Centre	for	
Affordable	Water	and	Sanitation	Technologies	(CAWST),	
Calgary,	CA.	
Available	at:	www.cawst.org	
(Very	detailed	construction	manual	for	different	slab	
designs)
_	Morgan,	P.	R.	(2007).	Toilets That Make Compost. Low-Cost, 
Sanitary Toilets That Produce Valuable Compost for Crops in 
an African Context.	Stockholm	Environment	Institute,	Stock-
holm,	SE.		
Available	at:	www.ecosanres.org		
(Excellent	description	of	how	to	make	support	rings	and	
squatting	slabs	(pp.	7-35)	and	pedestals	(pp.	39-43)	using	
only	sand,	cement,	plastic	sheeting	and	wire)
_	Morgan,	P.	R.	(2009).	Ecological Toilets. Start Simple and 
Upgrade from Arborloo to VIP.	Stockholm	Environment	Insti-
tute,	Stockholm,	SE.	
Available	at:	www.ecosanres.org
_	Reed,	B.	(2012).	An Engineer’s Guide to Latrine Slabs.	WEDC,	
Loughborough	University,	Leicestershire,	UK.	
Available	at:	wedc.lboro.ac.uk/knowledge/booklets.html	
(Comprehensive	guide	with	key	information	and	checklists	
for	design,	construction	and	maintenance)
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Urine-Diverting Dry Toilet (UDDT)
Inputs:    Faeces    Urine
(  Anal Cleansing Water)(  Dry Cleansing Materials)
Outputs:    Faeces   (+  Dry Cleansing Materials)
 Urine   (  Anal Cleansing Water)U2: URINE DIVERTING DRY TOILET (UDDT) 
option 2option 1 urine
for wipers for washers
urine option 3 urineanal cleansing water
Applicable to:
System 4
A urine-diverting dry toilet (UDDT) is a toilet that 
operates without water and has a divider so that 
the user, with little effort, can divert the urine away 
from the faeces.
The UDDT is built such that urine is collected and 
drained from the front area of the toilet, while faeces 
fall through a large chute (hole) in the back. Depending 
on the Collection and Storage/Treatment technology 
that follows, drying material such as lime, ash or earth 
should be added into the same hole after defecating.
Design Considerations It is important that the two 
sections of the toilet are well separated to ensure that 
a) faeces do not fall into and clog the urine collection 
area in the front, and that b) urine does not splash down 
into the dry area of the toilet.
There are also 3-hole separating toilets that allow anal 
cleansing water to go into a third, dedicated basin sepa-
rate from the urine drain and faeces collection. 
Both a pedestal and a squat slab can be used to sepa-
rate urine from faeces depending on user preference.
Urine tends to rust most metals; therefore, metals 
should be avoided in the construction and piping of the 
UDDT. To limit scaling, all connections (pipes) to stor-
age tanks should be kept as short as possible; whenever 
they exist, pipes should be installed with at least a 1% 
slope, and sharp angles (90°) should be avoided. A pipe 
diameter of 50 mm is sufficient for steep slopes and 
where maintenance is easy. Larger diameter pipes (> 75 
mm) should be used elsewhere, especially for minimum 
slopes, and where access is difficult.
To prevent odours from coming back up the pipe, an 
odour seal should be installed at the urine drain.
Appropriateness The UDDT is simple to design and 
build, using such materials as concrete and wire mesh 
or plastic. The UDDT design can be altered to suit the 
needs of specific populations (i.e., smaller for children, 
people who prefer to squat, etc.). 
Health Aspects/Acceptance The UDDT is not 
intuitive or immediately obvious to some users. At first, 
users may be hesitant about using it, and mistakes 
made (e.g., faeces in the urine bowl) may deter others 
from accepting this type of toilet as well. Demonstra-
tion projects and training are essential to achieve good 
acceptance with users. For better acceptance of the 
U.2
C
o
m
p
e
n
d
iu
m
 o
f 
S
an
it
at
io
n
 S
y
st
e
m
s 
an
d
 T
e
ch
n
o
lo
g
ie
s
F
u
n
ct
io
n
al
 G
ro
u
p
 U
: U
se
r 
In
te
rf
ac
e
4
7
U.2
system and to avoid urine in the faeces collection bowl, 
the toilet can be combined with a Urinal (U.3), allowing 
men to stand and urinate.
Operation & Maintenance A UDDT is slightly 
more difficult to keep clean compared to other toilets 
because of both the lack of water and the need to sep-
arate the solid faeces and liquid urine. No design will 
work for everyone and, therefore, some users may have 
difficulty separating both streams perfectly, which may 
result in extra cleaning and maintenance. Faeces can 
be accidentally deposited in the urine section, causing 
blockages and cleaning problems. 
All of the surfaces should be cleaned regularly to prevent 
odours and to minimize the formation of stains. Water 
should not be poured in the toilet for cleaning. Instead, 
a damp cloth may be used to wipe down the seat and 
the inner bowls. Some toilets are easily removable and 
can be cleaned more thoroughly. It is important that 
the faeces remain separate and dry. When the toilet is 
cleaned with water, care should be taken to ensure that 
the faeces are not mixed with water.
Because urine is collected separately, calcium- and 
magnesium-based minerals and salts can precipitate 
and build up in pipes and on surfaces where urine 
is constantly present. Washing the bowl with a mild 
acid (e.g., vinegar) and/or hot water can prevent the 
build-up of mineral deposits and scaling. Stronger (> 
24% acetic) acid or a caustic soda solution (2 parts 
water to 1 part soda) can be used for removing block-
ages. However, in some cases manual removal may be 
required.
An odour seal also requires occasional maintenance. It 
is critical to regularly check its functioning.
Pros & Cons
+  Does not require a constant source of water
+  No real problems with flies or odours if used and 
maintained correctly 
+  Can be built and repaired with locally available  
materials
+  Low capital and operating costs
+  Suitable for all types of users (sitters, squatters, 
washers, wipers)
-  Prefabricated models not available everywhere
-  Requires training and acceptance to be used correctly
-  Is prone to misuse and clogging with faeces
-  The excreta pile is visible
-  Men usually require a separate Urinal for optimum 
collection of urine
References & Further Reading 
_	Morgan,	P.	R.	(2007).	Toilets That Make Compost. Low-Cost, 
Sanitary Toilets That Produce Valuable Compost for Crops in 
an African Context. Stockholm	Environment	Institute,	Stock-
holm,	SE.		
Available	at:	www.ecosanres.org		
(Provides	step-by	step	instruction	on	how	to	build	a	UDDT	
using	a	plastic	bucket	and	how	to	construct	a	urine-diverting	
squat	plate)
_	Morgan,	P.	R.	(2009).	Ecological Toilets. Start Simple and 
Upgrade from Arborloo to VIP.	Stockholm	Environment	Insti-
tute,	Stockholm,	SE.	
Available	at:	www.ecosanres.org
_	von	Münch,	E.	and	Winker,	M.	(2011).	Technology Review 
of Urine Diversion Components. Overview of Urine Diversion 
Components Such as Waterless Urinals, Urine Diversion 
Toilets, Urine Storage and Reuse Systems. Gesellschaft	für	
Internationale	Zusammenarbeit	(GIZ)	GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library
_	NWP	(2006).	Smart Sanitation Solutions. Examples of 
Innovative, Low-Cost Technologies for Toilets, Collection, 
Transportation, Treatment and Use of Sanitation Products. 
Netherlands	Water	Partnership,	The	Hague,	NL.	
Available	at:	www.ircwash.org
_	Rieck,	C.,	von	Münch,	E.	and	Hoffmann,	H.	(2012).	Technol-
ogy Review of Urine-Diverting Dry Toilets (UDDTs). Overview 
of Design, Operation, Management and Costs. Deutsche	
Gesellschaft	für	Internationale	Zusammenarbeit	(GIZ)	
GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library	
_	Winblad,	U.	and	Simpson-Hébert,	M.	(Eds.)	(2004).  
Ecological Sanitation. Revised and Enlarged Edition.		
Stockholm	Environment	Institute,	Stockholm,	SE.		
Available	at:	www.ecosanres.org
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Urinal
Inputs:    Urine   (  Flushwater )
Outputs:    Urine   (+  Flushwater) 
U3: URINAL 
option 1 option 2
Applicable to:
Systems 4, 5, 9
A urinal is used only for collecting urine. Urinals 
are generally for men, although models for women 
have also been developed. Most urinals use water 
for flushing, but waterless urinals are becoming in-
creasingly popular.
Urinals for women consist of raised foot-steps and a 
sloped channel or catchment area that conducts the 
urine to a collection technology. For men, urinals can be 
either vertical wall-mounted units, or squat slabs over 
which the user squats.
The urinal can be used with or without water and the 
plumbing can be developed accordingly. If water is 
used, it is mainly used for cleaning and limiting odours 
(with a water-seal).
Design Considerations For water-based urinals, 
the water use per flush ranges from less than 2 L in 
current designs to almost 20 L of flushwater in out-
dated models. Water-saving or waterless technologies 
should be favoured. To minimize odours and nitrogen 
loss in simple waterless urinal designs, the collection 
pipe should be submerged in the urine tank to provide 
a basic liquid seal.
Waterless urinals are available in a range of styles and 
complexities. Some urinals come equipped with an 
odour seal that may have a mechanical closure, a mem-
brane, or a sealing liquid.
By putting a small target, or painted fly near the drain, 
the amount of spraying or splashing can be reduced; 
this type of user-guidance can help improve the cleanli-
ness of the facility. Because the urinal is exclusively for 
urine it is important to also provide a toilet to be used 
for faeces.
Appropriateness Urinals can be used in homes as 
well as within public facilities. In some cases, the pro-
vision of a urinal is useful to prevent the misuse of dry 
systems (e.g., UDDT, U.2).
Portable waterless urinals have been developed for 
use at large festivals, concerts and other gatherings, 
to improve the sanitation facilities and reduce the point 
load of wastewater discharged at the site. In this way, a 
large volume of urine can be collected (and either used 
or discharged at a more appropriate location or time) 
and the remaining toilets can be reduced in number or 
used more efficiently. 
U.3
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U.3
Health Aspects/Acceptance The urinal is a com-
fortable and easily accepted User Interface. Although 
simple in construction and design, urinals can have a 
large impact on the well-being of a community. When 
men have access to a urinal, they may urinate less often 
in public, which reduces unwanted odours and makes 
women feel more comfortable. Men have generally 
accepted waterless urinals, as they do not call for any 
change of behaviour.
Operation & Maintenance Maintenance is simple, 
but should be done frequently, especially for waterless 
urinals. All of the surfaces should be cleaned regularly 
(bowl, slab and wall) to prevent odours and to minimize 
the formation of stains. 
Particularly, in waterless urinals, calcium- and magnesi-
um-based minerals and salts can precipitate and build 
up in pipes and on surfaces where urine is constantly 
present. Washing the bowl with a mild acid (e.g., vine-
gar) and/or hot water can prevent the build-up of min-
eral deposits and scaling. Stronger (> 24% acetic) acid 
or a caustic soda solution (2 parts water to 1 part soda) 
can be used for removing blockages. However, in some 
cases manual removal may be required. 
For waterless urinals, it is critical to regularly check the 
functioning of the odour seal.
Pros & Cons
+  Waterless urinals do not require a constant source  
of water
+  Can be built and repaired with locally available  
materials
+  Low capital and operating costs
-  Problems with odours may occur if not used and 
maintained correctly
-  Models for women are not widely available
References & Further Reading 
_	Austin,	A.	and	Duncker,	L.	(2002).	Urine-Diversion. Ecologi-
cal Sanitation Systems in South Africa.	CSIR,	Pretoria,	ZA.	
(Directions	for	making	a	simple	urinal	using	a	5	L	plastic	
container)
_	von	Münch,	E.	and	Dahm,	P.	(2009).	Waterless Urinals: A 
Proposal to Save Water and Recover Urine Nutrients in Africa.	
34th	WEDC	International	Conference.	Addis	Ababa,	ET.	
Available	at:	wedc-knowledge.lboro.ac.uk
_	von	Münch,	E.	and	Winker,	M.	(2011).	Technology Review 
of Urine Diversion Components. Overview of Urine Diversion 
Components Such as Waterless Urinals, Urine Diversion 
Toilets, Urine Storage and Reuse Systems. Gesellschaft	für	
Internationale	Zusammenarbeit	(GIZ)	GmbH,	Eschborn,	DE.	
Available	at:	www.susana.org/library
_	NWP	(2006).	Smart Sanitation Solutions. Examples of 
Innovative, Low-Cost Technologies for Toilets, Collection, 
Transportation, Treatment and Use of Sanitation Products. 
Netherlands	Water	Partnership,	The	Hague,	NL.	
Available	at:	www.ircwash.org
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Pour Flush Toilet
Inputs:    Faeces    Urine    Flushwater
(  Anal Cleansing Water)(  Dry Cleansing Materials)
Outputs:    BlackwaterU4: POUR FLUSH TOILET 
slab
seal depth
Applicable to:
Systems 1, 3, 5-8
A pour flush toilet is like a regular Cistern Flush Toilet 
(U.5) except that the water is poured in by the user, 
instead of coming from the cistern above. When the 
water supply is not continuous, any Cistern Flush 
Toilet can become a pour flush toilet.
Just like a Cistern Flush Toilet, the pour flush toilet has 
a water seal that prevents odours and flies from com-
ing back up the pipe. Water is poured into the bowl to 
flush the toilet of excreta; approximately 2 to 3 L is usu-
ally sufficient. The quantity of water and the force of 
the water (pouring from a height often helps) must be 
sufficient to move the excreta up and over the curved 
water seal.
Both pedestals and squatting pans can be used in the 
pour flush mode. Due to demand, local manufacturers 
have become increasingly efficient at mass-producing 
affordable pour flush toilets and pans.
Design Considerations The water seal at the bot-
tom of the pour flush toilet or pan should have a slope of 
at least 25°. Water seals should be made out of plastic 
or ceramic to prevent clogs and to make cleaning easier 
(concrete may clog more easily if it is rough or textured). 
The S-shape of the water seal determines how much 
water is needed for flushing. The optimal depth of the 
water seal head is approximately 2 cm to minimize the 
water required to flush the excreta. The trap should be 
approximately 7 cm in diameter.
Appropriateness The pour flush toilet is appropriate 
for those who sit or squat (pedestal or slab), as well as 
for those who cleanse with water. Yet, it is only appropri-
ate when there is a constant supply of water available. 
The pour flush toilet requires (much) less water than 
a traditional Cistern Flush Toilet. However, because a 
smaller amount of water is used, the pour flush toilet 
may clog more easily and, thus, require more mainte-
nance.
If water is available, this type of toilet is appropriate for 
both public and private applications. 
Health Aspects/Acceptance The pour flush toilet 
(or squatting pan) prevents users from seeing or smell-
ing the excreta of previous users. Thus, it is generally 
well accepted. Provided that the water seal is working 
well, there should be almost no odours and the toilet 
should be clean and comfortable to use.
U.4
C
o
m
p
e
n
d
iu
m
 o
f 
S
an
it
at
io
n
 S
y
st
e
m
s 
an
d
 T
e
ch
n
o
lo
g
ie
s
F
u
n
ct
io
n
al
 G
ro
u
p
 U
: U
se
r 
In
te
rf
ac
e
5
1
U.4
Operation & Maintenance Because there are no 
mechanical parts, pour flush toilets are quite robust and 
rarely require repair. Despite the fact that it is a water-
based toilet, it should be cleaned regularly to maintain 
hygiene and prevent the buildup of stains. To reduce 
water requirements for flushing and to prevent clog-
ging, it is recommended that dry cleansing materials 
and products used for menstrual hygiene be collected 
separately and not flushed down the toilet.
Pros & Cons
+  The water seal effectively prevents odours
+  The excreta of one user are flushed away before the 
next user arrives
+  Suitable for all types of users (sitters, squatters, 
washers, wipers)
+  Low capital costs; operating costs depend on the 
price of water
-  Requires a constant source of water (can be recycled 
water and/or collected rainwater)
-  Requires materials and skills for production that are 
not available everywhere
-  Coarse dry cleansing materials may clog the water 
seal
References & Further Reading 
_	Mara,	D.	D.	(1985).	The Design of Pour-Flush Latrines. UNDP	
Interregional	Project	INT/81/047,	The	World	Bank	and	
UNDP,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home
_	Mara,	D.	D.	(1996).	Low-Cost Urban Sanitation. Wiley,		
Chichester,	UK.	
(Provides	detailed	drawings	of	Indian	glass-fibre	squat	pan	
and	trap	with	dimensions	and	critical	design	criteria.	A	
description	of	how	to	modify	a	pour	flush	toilet	to	a	cistern	
flush	toilet	is	included.)
_	Roy,	A.	K.,	Chatterjee,	P.	K.,	Gupta,	K.	N.,	Khare,	S.	T.,	Rau,	
B.	B.	and	Singh,	R.	S.	(1984).	Manual on the Design, Con-
struction and Maintenance of Low-Cost Pour-Flush Waterseal 
Latrines in India. UNDP	Interregional	Project	INT/81/047,	
The	World	Bank	and	UNDP,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home		
(Provides	specifications	for	pour	flush	toilets	and		
connections)
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Cistern Flush Toilet
Inputs:    Faeces    Urine    Flushwater
(  Anal Cleansing Water)(  Dry Cleansing Materials)
Outputs:    BlackwaterU5: CISTERN FLUSH TOILET 
option 2option 1
Applicable to:
Systems 6-8
The cistern flush toilet is usually made of porcelain 
and is a mass-produced, factory-made User Inter-
face. The flush toilet consists of a water tank that 
supplies the water for flushing the excreta and a 
bowl into which the excreta are deposited.
The attractive feature of the cistern flush toilet is that 
it incorporates a sophisticated water seal to prevent 
odours from coming back up through the plumbing. 
Water that is stored in the cistern above the toilet bowl 
is released by pushing or pulling a lever. This allows the 
water to run into the bowl, mix with the excreta, and 
carry them away.
Design Considerations Modern toilets use 6 to 9 
L per flush, whereas older models were designed for 
flushwater quantities of up to 20 L. There are different 
low-volume flush toilets currently available that can be 
used with as little as 3 L of water per flush. In some cas-
es, the volume of water used per flush is not sufficient 
to empty the bowl and, consequently, the user has to 
flush two or more times to adequately clean the bowl, 
which negates the intended saving of water. 
A good plumber is required to install a flush toilet. The 
plumber will ensure that all valves are connected and 
sealed properly, therefore, minimizing leakage.
Appropriateness A cistern flush toilet should not be 
considered unless all of the connections and hardware 
accessories are available locally. The cistern flush toilet 
must be connected to both a constant source of water 
for flushing and a Collection and Storage/Treatment or 
Conveyance technology to receive the blackwater.
The cistern flush toilet is suitable for both public and 
private applications.
Health Aspects/Acceptance It is a safe and com-
fortable toilet to use provided it is kept clean.
Operation & Maintenance Although flushwa-
ter continuously rinses the bowl, the toilet should be 
scrubbed clean regularly to maintain hygiene and pre-
vent the buildup of stains. Maintenance is required for 
the replacement or repair of some mechanical parts or 
fittings. Menstrual hygiene products should be collect-
ed in a separate bin.
U.5
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U.5
Pros & Cons
+  The excreta of one user are flushed away before the 
next user arrives
+  No real problems with odours if used correctly
+  Suitable for all types of users (sitters, squatters, 
wipers and washers)
-  High capital costs; operating costs depend on the 
price of water
-  Requires a constant source of water
-  Cannot be built and/or repaired locally with available 
materials
References & Further Reading 
_	Maki,	B.	(2005).	Assembling and Installing a New Toilet.	
Hammerzone.com.	
Available	at:	www.hammerzone.com		
(Describes	how	to	install	a	toilet	with	full	colour	photos	and	
step-by-step	instructions)
_	Vandervort,	D.	(2007).	Toilets: Installation and Repair. 
HomeTips.com.	
Available	at:	www.hometips.com/bathroom_toilets.html	
(Describes	each	part	of	the	toilet	in	detail	and	provides	links	
to	other	tools,	such	as	how	to	install	a	toilet,	how	to	fix	a	
leaking	toilet	and	other	toilet	essentials)
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Urine-Diverting Flush Toilet (UDFT)
Inputs:    Faeces    Urine    Flushwater
(  Anal Cleansing Water)(  Dry Cleansing Materials)
Outputs:    Brownwater    Urine   
U6: FLUSH TOILET WITH URINE SEPARATION
Applicable to:
Systems 5, 9
The urine-diverting flush toilet (UDFT) is similar in 
appearance to a Cistern Flush Toilet (U.5) except for 
the diversion in the bowl. The toilet bowl has two 
sections so that the urine can be separated from the 
faeces. Both sitting and squatting models exist.
Urine is collected in a drain in the front of the toilet and 
faeces are collected in the back. The urine is collect-
ed without water, but a small amount of water is used 
to rinse the urine-collection bowl when the toilet is 
flushed. The urine flows into a storage tank for further 
use or processing, while the faeces are flushed with 
water to be treated. 
Design Considerations The system requires dual 
plumbing, i.e., separate piping for urine and brownwater 
(faeces, dry cleansing material and flushing water). The 
toilet should be installed carefully with an understand-
ing of how and where clogs may occur so that they can 
be prevented and easily removed. For the discharge of 
urine, plastic pipes should be used to prevent corro-
sion. To limit scaling, all connections (pipes) to storage 
tanks should be kept as short as possible; whenever 
they exist, pipes should be installed with at least a 1% 
slope, and sharp angles (90°) should be avoided. A pipe 
diameter of 50 mm is sufficient for steep slopes and 
where maintenance is easy. Larger diameter pipes (> 75 
mm) should be used elsewhere, especially for minimum 
slopes, and where access is difficult.
Appropriateness A UDFT is adequate when there is 
enough water for flushing, a treatment technology for 
the brownwater and a use for the collected urine. To 
improve diversion efficiency, Urinals (U.3) for men are 
recommended.
UDFTs are suitable for public and private applications, 
although significant training and awareness is required 
in public settings to ensure proper use and minimize 
clogging.
Since this technology requires separate pipes for urine 
and brownwater collection, the plumbing is more com-
plicated than for Cistern Flush Toilets. Particularly, the 
proper design and installation of the urine pipes is cru-
cial, and requires expertise.
Health Aspects/Acceptance Information cards 
and/or diagrams are essential for ensuring proper use 
and for promoting acceptance; if users understand why 
U.6
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U.6
the urine is being separated, they will be more willing 
to use the UDFT properly. Correct plumbing will ensure 
that there are no odours.
Operation & Maintenance As with any toilet, prop-
er cleaning is important to keep the bowl(s) clean and 
prevent stains from forming. Because urine is collected 
separately, calcium- and magnesium-based minerals 
and salts can precipitate and build up in the fittings and 
pipes. Washing the bowl with a mild acid (e.g., vinegar) 
and/or hot water can prevent the build-up of mineral 
deposits and scaling. Stronger (> 24% acetic) acid or a 
caustic soda solution (2 parts water to 1 part soda) can 
be used for removing blockages. However, in some cas-
es manual removal may be required.
Pros & Cons
+  Requires less water than a traditional Cistern Flush 
Toilet
+  No real problems with odours if used correctly
+  Looks like, and can be used almost like, a Cistern 
Flush Toilet
-  Limited availability; cannot be built or repaired locally
-  High capital costs; operating costs depend on parts 
and maintenance
-  Labour-intensive maintenance
-  Requires training and acceptance to be used  
correctly
-  Is prone to misuse and clogging
-  Requires a constant source of water
-  Men usually require a separate Urinal for optimum 
collection of urine 
References & Further Reading 
_	Kvarnström,	E.,	Emilsson,	K.,	Richert	Stintzing,	A.,	Johans-
son,	M.,	Jönsson,	H.,	af	Petersens,	E.,	Schönning,	C.,	
Christensen,	J.,	Hellström,	D.,	Qvarnström,	L.,	Ridderstolpe,	
P.	and	Drangert,	J.-O.	(2006).	Urine Diversion: One Step 
Towards Sustainable Sanitation. Report	2006–1,	EcoSanRes:	
Ecosan	Publications	Series,	Stockholm,	SE.		
Available	at:	www.ecosanres.org
_	Larsen,	T.	A.	and	Lienert,	J.	(2007).	Novaquatis Final Report. 
NoMix – A New Approach to Urban Water Management. 
Eawag,	Dübendorf,	CH.	
Available	at:	www.novaquatis.eawag.ch
_	von	Münch,	E.	and	Winker,	M.	(2011).	Technology Review 
of Urine Diversion Components. Overview of Urine Diversion 
Components Such as Waterless Urinals, Urine Diversion 
Toilets, Urine Storage and Reuse Systems.	Gesellschaft	für	
Internationale	Zusammenarbeit	(GIZ)	GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library
_	Winker,	M.	and	Saadoun,	A.	(2011).	Urine and Brownwater 
Separation at GTZ Main Office Building Eschborn,  
Germany – Case Study of Sustainable Sanitation Projects.	
Sustainable	Sanitation	Alliance	(SuSanA),	Eschborn,	DE.	
Available	at:	www.susana.org/library
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S
This section describes the technologies that collect and store the prod-
ucts generated at the User Interface. Some of the technologies presented 
here are specifically designed for treatment, while others are specifically 
designed for collection and storage. The latter also provide some degree 
of treatment, depending on the storage time and conditions. The treat-
ment provided by S technologies is usually passive (e.g., requiring no ener-
gy input). Four of the featured technologies are alternating pit/vault tech-
nologies (S.4-S.7). Because of the storage period implicit in the design of 
these technologies, there is a reduced threat of contamination. Therefore, 
they can be manually emptied.
S.1  Urine Storage Tank/Container
S.2  Single Pit
S.3  Single Ventilated Improved Pit (VIP)
S.4  Double Ventilated Improved Pit (VIP)
S.5  Fossa Alterna
S.6  Twin Pits for Pour Flush
S.7  Dehydration Vaults
S.8  Composting Chamber
S.9  Septic Tank
S.10  Anaerobic Baffled Reactor (ABR)
S.11  Anaerobic Filter
S.12  Biogas Reactor
In any given context, the technology choice generally depends on the 
following factors:
• Availability of space
• Soil and groundwater characteristics
• Type and quantity of input products
• Local availability of materials
• Desired output products 
• Availability of technologies for subsequent transport
• Financial resources
• Management considerations 
• User preferences
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Collection and Storage/Treatment S
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Urine Storage Tank / Container
Inputs:    Urine   
Outputs:    Stored Urine
S1: URINE STORAGE TANK/CONTAINER
Applicable to:
Systems 4, 5, 9
When urine cannot be used immediately or trans-
ported using a Conveyance technology (i.e., Jerry-
cans, see C.1), it can be stored onsite in containers 
or tanks. The storage tank must then be moved or 
emptied into another container for transport.
The urine storage tank should be appropriately sized 
to accommodate the number of users and the time 
required to sanitize the urine. The storage guidelines 
for urine correspond to the temperature of storage 
and the intended crop for which it would be used as 
fertilizer, but all urine should be stored for at least 
1 month before use (see WHO guidelines for specif-
ic storage and application guidelines). If a family’s 
urine is used to fertilize crops for their own house-
hold consumption only, it can be used directly with-
out storage.
Smaller volume storage tanks can be used and trans-
ported to another centralized storage tank at, or close 
to, the point of use (i.e., the farm). 
Design Considerations On average, a person gen-
erates about 1.2 L of urine a day; however, this quan-
tity may vary significantly depending on the climate 
and fluid consumption. Mobile storage tanks should be 
made of plastic or fibreglass, but permanent ones can 
be comprised of concrete or plastic. Metal should be 
avoided as it can easily be corroded by the high pH of 
stored urine.
Over time, a layer of organic sludge and precipitated 
minerals (primarily calcium and magnesium phos-
phates) will form on the bottom of the tank. Any 
tank used for urine storage should have an opening 
large enough so that it can be cleaned and/or 
pumped out.
Neither the storage tank, nor the collection pipes 
should be ventilated to avoid odorous ammonia emis-
sions, but they both need to be pressure equalized. 
If the storage tank is directly connected with a pipe to 
the toilet or urinal, care should be taken to minimize 
the length of the pipe since precipitates will accu-
mulate. Pipes should have a steep slope (> 1%), no 
sharp angles, and large diameters (up to 110 mm for 
underground pipes). They should be easily accessible 
in case of blockages.
To minimize odours and nitrogen loss, the tank should 
be filled from the bottom, i.e., the urine should flow 
down through a pipe and be released near the bottom 
of the tank. This will prevent the urine from spraying and 
avoid the backflow of air.
S.1
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public






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Appropriateness Urine storage tanks are most 
appropriate where there is a need for nutrients from 
fertilizer for agriculture which can be supplied by the 
stored urine. When there is no such need, the urine can 
become a source of pollution and a nuisance. 
Urine storage tanks can be used in virtually every 
environment; tanks should be well-sealed to pre-
vent leaks, infiltration and nitrogen loss. Urine stor-
age tanks can be installed indoors, outdoors, above 
ground and below ground depending on the climate, 
space available, and soil.
Health Aspects/Acceptance Long-term storage is 
the best way to sanitize urine without the addition of 
chemicals or mechanical processes. The risk of disease 
transmission from stored urine is low. Extended storage 
with storage times greater than 6 months provides near 
complete sanitization.
Operation & Maintenance If the storage tank is 
emptied using a vacuum truck (see C.3), the inflow of 
air must be maintained at a sufficient rate to ensure 
that the tank does not implode due to the vacuum. A 
viscous sludge will accumulate on the bottom of the 
storage tank. When the storage tank is emptied, the 
sludge will usually be emptied along with the urine, 
but if a tap is used and the tank is never fully emptied, 
it may require desludging. The desludging period will 
depend on the composition of the urine and the stor-
age conditions.
Mineral and salt build-up in the tank or in connecting 
pipes can be manually removed (sometimes with diffi-
culty) or dissolved with a strong acid (24% acetic).
Pros & Cons
+  Simple and robust technology
+  Can be built and repaired with locally available  
materials
+  Low risk of pathogen transmission
+  Stored urine can be used as a fertilizer
+  Small land area required
+  No or low operating costs if self-emptied
-  Mild to strong odour when opening and emptying 
tank
-  Capital costs can be high (depending on the size and 
material of the tank)
-  May require frequent emptying (depending on  
tank size)
References & Further Reading
	
_	Kvarnström,	E.,	Emilsson,	K.,	Richert	Stintzing,	A.,	Johans-
son,	M.,	Jönsson,	H.,	af	Petersens,	E.,	Schönning,	C.,	
Christensen,	J.,	Hellström,	D.,	Qvarnström,	L.,	Ridderstolpe,	
P.	and	Drangert,	J.-O.	(2006).	Urine Diversion: One Step 
Towards Sustainable Sanitation.	Report	2006–1,	EcoSanRes:	
Ecosan	Publications	Series,	Stockholm,	SE.		
Available	at:	www.ecosanres.org
_	von	Münch,	E.	and	Winker,	M.	(2011).	Technology Review 
of Urine Diversion Components. Overview of Urine Diversion 
Components Such as Waterless Urinals, Urine Diversion 
Toilets, Urine Storage and Reuse Systems.	Gesellschaft	für	
Internationale	Zusammenarbeit	(GIZ)	GmbH,	Eschborn,	DE.	
Available	at:	www.susana.org/library
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 4: Excreta and Greywater Use 
in Agriculture.	World	Health	Organization,	Geneva,	CH.		
Available	at:	www.who.int
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Single Pit
Inputs:    Excreta    Blackwater    Faeces
(+  Anal Cleansing Water) (+   Dry Cleansing Materials)
Outputs:    Sludge
S2: SINGLE PIT  
20
-4
0c
m
> 
3m
support ring
Applicable to:
System 1
The single pit is one of the most widely used sanita-
tion technologies. Excreta, along with anal cleans-
ing materials (water or solids) are deposited into a 
pit. Lining the pit prevents it from collapsing and 
provides support to the superstructure.
As the single pit fills, two processes limit the rate of 
accumulation: leaching and degradation. Urine and 
water percolate into the soil through the bottom of the 
pit and wall, while microbial action degrades part of the 
organic fraction.
Design Considerations On average, solids accu-
mulate at a rate of 40 to 60 L per person/year and up to 
90 L per person/year if dry cleansing materials such as 
leaves or paper are used. The volume of the pit should 
be designed to contain at least 1,000 L. Typically, the 
pit is at least 3 m deep and 1 m in diameter. If the pit 
diameter exceeds 1.5 m, there is an increased risk of 
collapse. Depending on how deep they are dug, some 
pits may last 20 or more years without emptying. To 
prevent groundwater contamination, the bottom of the 
pit should be at least 2 m above groundwater level (rule 
of thumb). If the pit is to be reused, it should be lined. 
Pit lining materials can include brick, rot-resistant tim-
ber, concrete, stones, or mortar plastered onto the soil. 
If the soil is stable (i.e., no presence of sand or gravel 
deposits or loose organic materials), the whole pit need 
not be lined. The bottom of the pit should remain unlined 
to allow for the infiltration of liquids out of the pit.
As liquid leaches from the pit and migrates through the 
unsaturated soil matrix, pathogenic germs are sorbed to 
the soil surface. In this way, pathogens can be removed 
prior to contact with groundwater. The degree of remov-
al varies with soil type, distance travelled, moisture and 
other environmental factors and, thus, it is difficult to 
estimate the distance necessary between a pit and a 
water source. A minimum horizontal distance of 30 m 
is normally recommended to limit exposure to microbial 
contamination.
When it is not possible to dig a deep pit or the ground-
water level is too high, a raised pit can be a viable alter-
native: the shallow pit can be extended by building the 
pit upwards with the use of concrete rings or blocks. 
A raised pit can also be constructed in an area where 
flooding is frequent in order to keep water from flowing 
into the pit during heavy rain. Another variation is the 
unlined shallow pit that may be appropriate for areas 
S.2
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public



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S.2
where digging is difficult. When the shallow pit is full, 
it can be covered with leaves and soil, and a small tree 
can be planted (see Arborloo, D.1). 
A Ventilated Improved Pit (VIP, S.3) is slightly more 
expensive than a single pit, but greatly reduces the nui-
sance of flies and odours, while increasing comfort.
If a urine-diverting User Interface is used, only faeces 
are collected in the pit and leaching can be minimized.
Appropriateness Treatment processes in a single 
pit (aerobic, anaerobic, dehydration, composting or oth-
erwise) are limited and, therefore, pathogen reduction 
and organic degradation is not significant. However, 
since the excreta are contained, pathogen transmission 
to the user is limited.
Single pits are appropriate for rural and peri-urban 
areas; in densely populated areas they are often diffi-
cult to empty and/or have insufficient space for infil-
tration. Single pits are especially appropriate when 
water is scarce and where there is a low groundwa-
ter table. They are not suited for rocky or compacted 
soils (that are difficult to dig), or for areas that flood 
frequently.
Health Aspects/Acceptance A single pit is an 
improvement to open defecation; however, it still poses 
health risks:
• Leachate can contaminate groundwater;
• Stagnant water in pits may promote insect breeding;
• Pits are susceptible to failure and/or overflowing 
during floods. 
Single pits should be constructed at an appropriate dis-
tance from homes to minimize fly and odour nuisances 
and to ensure convenience and safety.
Operation & Maintenance There is no daily main-
tenance associated with a single pit apart from keeping 
the facility clean. However, when the pit is full it can be 
a) pumped out and reused or b) the superstructure and 
squatting plate can be moved to a new pit and the pre-
vious pit covered and decommissioned, which is only 
advisable if plenty of land area is available.
Pros & Cons
+  Can be built and repaired with locally available  
materials
+  Low (but variable) capital costs depending on materi-
als and pit depth
+  Small land area required
-  Flies and odours are normally noticeable
-  Low reduction in BOD and pathogens with possible 
contamination of groundwater
-  Costs to empty may be significant compared to capi-
tal costs
-  Sludge requires secondary treatment and/or appro-
priate discharge
References & Further Reading 
_	ARGOSS	(2001). Guidelines for Assessing the Risk to 
Groundwater from on-Site Sanitation.	British	Geological	
Survey	Commissioned	Report,	CR/01/142,	Keyworth,	UK.	
Available	at:	www.bgs.ac.uk
_	Brandberg,	B.	(1997).	Latrine Building. A Handbook for Imple-
mentation of the Sanplat System. Intermediate	Technology	
Publications,	London,	UK.	
(A	good	summary	of	common	construction	problems	and	
how	to	avoid	mistakes)
_	Franceys,	R.,	Pickford,	J.	and	Reed,	R.	(1992).	A Guide to the 
Development of on-Site Sanitation. WHO,	Geneva,	CH.	
Available	at:	www.susana.org/library	
(For	information	on	accumulation	rates,	infiltration	rates,	
general	construction	and	example	design	calculations)
_	Graham,	J.	P.	and	Polizzotto,	M.	L.	(2013).	Pit Latrines and 
Their Impacts on Groundwater Quality: A Systematic Review. 
Environmental	Health	Perspectives,	National	Institute	of	
Environmental	Health	Sciences,	Research	Triangle	Park,	US.	
Available	at:	www.ehponline.org	
_	Pickford,	J.	(1995).	Low Cost Sanitation. A Survey of Prac-
tical Experience.	Intermediate	Technology	Publications,	
London,	UK.		
(Information	on	how	to	calculate	pit	size	and	technology	life)
_	Robens	Institute	(1996).	Fact Sheets on Environmental 
Sanitation. Fact Sheet 3.4: Simple Pit Latrines. University	of	
Surrey,	UK	and	WHO,	Geneva,	CH.		
Available	at:	www.who.int
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Single Ventilated Improved Pit (VIP)
S3: SINGLE PIT VIP 
> 
30
cm
air currents
>11cm vent pipe
fly screen
Applicable to:
System 1
The single VIP is a ventilated improved pit. It is an 
improvement over the Single Pit (S.2) because con-
tinuous airflow through the ventilation pipe vents 
odours and acts as a trap for flies as they escape 
towards the light.
Despite their simplicity, well-designed single VIPs can 
be completely smell free, and more pleasant to use than 
some other water-based technologies.
Flies that hatch in the pit are attracted to the light at 
the top of the ventilation pipe. When they fly towards 
the light and try to escape, they are trapped by the fly-
screen and die. The ventilation also allows odours to 
escape and minimizes the attraction for flies.
Design Considerations The vent pipe should have 
an internal diameter of at least 110 mm and reach 
more than 300 mm above the highest point of the toi-
let superstructure. Wind passing over the top creates 
a suction pressure within the vent pipe and induces an 
air circulation. Air is drawn through the User Interface 
into the pit, moves up inside the vent pipe and escapes 
into the atmosphere. Care should be taken that objects, 
such as trees or houses, do not interfere with the air 
stream. The vent works best in windy areas, but where 
there is little wind, its effectiveness can be improved 
by painting the pipe black. The heat difference between 
the pit (cool) and the vent (warm) creates an updraft 
that pulls the air and odours up and out of the pit. To 
test the efficacy of the ventilation, a lit cigarette can 
be held over the User Interface; the smoke should be 
pulled down into the pit and up into the vent and not 
remain in the superstructure.
The mesh size of the fly screen must be large enough 
to prevent clogging with dust and allow air to circulate 
freely. Aluminium screens, with a hole-size of 1.2 to 1.5 
mm, have proven to be the most effective. Typically, 
the pit is at least 3 m deep and 1 to 1.5 m in diameter, 
depending on the number of users. Deep pits can last 
up to 20 or more years. 
As liquid leaches from the pit and migrates through the 
unsaturated soil matrix, pathogenic germs are sorbed to 
the soil surface. In this way, pathogens can be removed 
prior to contact with groundwater. The degree of remov-
al varies with soil type, distance travelled, moisture and 
other environmental factors and, thus, it is difficult to 
estimate the distance necessary between a pit and a 
water source. A minimum horizontal distance of 30 m 
S.3
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





Inputs:    Excreta    Blackwater    Faeces
(+  Anal Cleansing Water) (+   Dry Cleansing Materials)
Outputs:    Sludge
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S.3
between a pit and a water source and 2 m between the 
bottom of the pit and the groundwater table is normally 
recommended to limit exposure to microbial contami-
nation. 
When it is not possible to dig a deep pit or the ground-
water level is too high, a raised pit can be a viable alter-
native: the shallow pit can be extended by building the 
pit upwards with the use of concrete rings or blocks. 
A raised pit can also be constructed in an area where 
flooding is frequent in order to keep water from flowing 
into the pit during heavy rain.
A single VIP toilet can be upgraded to a Double VIP 
(S.4). A Double VIP has an extra pit so that while one is 
in use, the contents of the full pit are allowed to drain, 
mature and degrade. 
If a urine-diverting User Interface is used, only faeces 
are collected in the pit and leaching can be minimized.
Appropriateness Treatment processes in the sin-
gle VIP (aerobic, anaerobic, dehydration, composting, 
or otherwise) are limited, and, therefore, pathogen 
reduction and organic degradation is not significant. 
However, since the excreta are contained, pathogen 
transmission to the user is limited. This technology is 
a significant improvement over Single Pits or open def-
ecation.
Single VIPs are appropriate for rural and peri-urban 
areas; in densely populated areas they are often diffi-
cult to empty and/or have insufficient space for infil-
tration. VIPs are especially appropriate when water is 
scarce and where there is a low groundwater table. 
They should be located in an area with a good breeze 
to ensure effective ventilation. They are not suited for 
rocky or compacted soils (that are difficult to dig) or for 
areas that flood frequently.
Health Aspects/Acceptance A single VIP can be 
a very clean, comfortable, and well accepted sanitation 
option. However, some health concerns exist:
• Leachate can contaminate groundwater;
• Pits are susceptible to failure and/or overflowing 
during floods;
• Health risks from flies are not completely removed 
by ventilation.
Operation & Maintenance To keep the single VIP 
free of flies and odours, regular cleaning and mainte-
nance is required. Dead flies, spider webs, dust and oth-
er debris should be removed from the ventilation screen 
to ensure a good flow of air. 
Pros & Cons
+  Flies and odours are significantly reduced (compared 
to non-ventilated pits)
+  Can be built and repaired with locally available 
materials
+  Low (but variable) capital costs depending on materi-
als and pit depth
+  Small land area required
-  Low reduction in BOD and pathogens with possible 
contamination of groundwater
-  Costs to empty may be significant compared to capi-
tal costs
-  Sludge requires secondary treatment and/or appro-
priate discharge
References & Further Reading 
_	Mara,	D.	D.	(1984).	The Design of Ventilated Improved Pit 
Latrines.	UNDP	Interregional	Project	INT/81/047,	The	
World	Bank	and	UNDP,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home
_	Mara,	D.	D.	(1996).	Low-Cost Urban Sanitation. Wiley,	Chich-
ester,	UK.		
(Provides	detailed	design	information)
_	Morgan,	P.	R.	(2009).	Ecological Toilets. Start Simple and 
Upgrade from Arborloo to VIP. Stockholm	Environment	Insti-
tute,	Stockholm,	SE.	
Available	at:	www.ecosanres.org
_	Morgan,	P.	R.	(2011).	The Blair VIP toilet. Manual for Upgrade-
able BVIP Model with Spiral Superstructure and Tubular Vent.	
Stockholm	Environment	Institute,	Stockholm,	SE.	
Available	at:	www.ecosanres.org	
(Provides	detailed	design	and	construction	information)
_	Ryan,	B.	A.	and	Mara,	D.	D.	(1983). Ventilated Improved Pit 
Latrines: Vent Pipe Design Guidelines.	UNDP	Interregional	
Project	INT/81/047,	The	World	Bank	and	UNDP,	Washing-
ton,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home	
See	S.2	for	additional	reading	materials.
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Double Ventilated Improved Pit (VIP)
Inputs:    Excreta    Faeces   
(+  Anal Cleansing Water) (+   Dry Cleansing Materials)
Outputs:    Pit Humus
Applicable to:
System 2
The double VIP has almost the same design as the 
Single VIP (S.3) with the added advantage of a sec-
ond pit that allows it to be used continuously and 
permits safer and easier emptying.
By using two pits, one pit can be used, while the con-
tent of the second rests, drains, reduces in volume, and 
degrades. When the second pit is almost full (the excre-
ta is 50 cm from the top of the pit), it is covered, and the 
content of the first pit is removed. Due to the extended 
resting time (at least 1 or 2 years after several years of 
filling), the material within the pit is partially sanitized 
and humus-like. 
Design Considerations The superstructure may 
either extend over both holes or it may be designed 
to move from one pit to the other. In either case, the 
pit that is not being filled should be fully covered 
and sealed to prevent water, garbage and animals, or 
people from falling into the pit. The ventilation of the 
two pits can be accomplished using one ventilation 
pipe moved back and forth between the pits, or each 
pit can be equipped with its own dedicated pipe. 
The two pits in the double VIP are continually used 
and should be well lined and supported to ensure 
longevity.
Appropriateness The double VIP is more appropri-
ate than the Single VIP for denser, peri-urban areas. 
After the resting time, the soil-like material is manual-
ly emptied (it is dug out, not pumped out), so vacuum 
truck access to the pits is not necessary.
The double VIP technology will only work properly 
if the two pits are used sequentially and not con-
currently. Therefore, an adequate cover for the out 
of service pit is required. Double VIPs are especially 
appropriate when water is scarce and where there is 
a low groundwater table. They should be located in 
an area with a good breeze to allow for proper ven-
tilation. They are not suited for rocky or compacted 
soils (that are difficult to dig) or for areas that flood 
frequently.
Health Aspects/Acceptance The double VIP can 
be a very clean, comfortable and well accepted san-
itation option, in some cases even more so than a 
water-based technology. However, some health con-
cerns exist:
S.4
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





S4: DOUBLE PIT VIP 
1
fly screen
2
>11cm vent pipe
pit humus air 
currents
> 
30
cm
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S.4
• Leachate can contaminate groundwater;
• Pits are susceptible to failure and/or overflowing 
during floods; 
• Health risks from flies are not completely removed 
by ventilation.
Operation & Maintenance To keep the double VIP 
free of flies and odours, regular cleaning and mainte-
nance is required. Dead flies, spider webs, dust and 
other debris should be removed from the ventilation 
screen to ensure a good flow of air. The out of service 
pit should be well sealed to reduce water infiltration and 
a proper alternating schedule must be maintained.
Pros & Cons
+  Longer life than Single VIP (indefinite if maintained 
properly)
+  Excavation of humus is easier than faecal sludge
+  Significant reduction in pathogens
+  Potential for use of stored faecal material as soil con-
ditioner
+  Flies and odours are significantly reduced (compared 
to non-ventilated pits)
+  Can be built and repaired with locally available  
materials
-  Manual removal of humus is required
-  Possible contamination of groundwater
-  Higher capital costs than Single VIP; but reduced 
operating costs if self-emptied
References & Further Reading 
_	ARGOSS	(2001).	Guidelines for Assessing the Risk to 
Groundwater from on-Site Sanitation. British	Geological	
Survey	Commissioned	Report,	CR/01/142,	Keyworth,	UK.	
Available	at:	www.bgs.ac.uk
_	Franceys,	R.,	Pickford,	J.	and	Reed,	R.	(1992).	A Guide to the 
Development of on-Site Sanitation.	WHO,	Geneva,	CH.	
Available	at:	www.susana.org/library
_	Graham,	J.	P.	and	Polizzotto,	M.	L.	(2013).	Pit Latrines and 
Their Impacts on Groundwater Quality: A Systematic Review. 
Environmental	Health	Perspectives,	National	Institute	of	
Environmental	Health	Sciences,	Research	Triangle	Park,	US.	
Available	at:	www.ehponline.org
_	Mara,	D.	D.	(1984).	The Design of Ventilated Improved Pit 
Latrines.	UNDP	Interregional	Project	INT/81/047,	The	
World	Bank	and	UNDP,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home	
(A	good	reference	for	detailed	double	VIP	design		
information)
_	Mara,	D.	D.	(1996).	Low-Cost Urban Sanitation.	Wiley,		
Chichester,	UK.		
(General	description	of	VIPs	with	a	focus	on	the	ventilation	
system)
_	Morgan,	P.	R.	(2009).	Ecological Toilets. Start Simple and 
Upgrade from Arborloo to VIP.	Stockholm	Environment		
Institute,	Stockholm,	SE.	
Available	at:	www.ecosanres.org
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Fossa Alterna Applicable to:System 2
The Fossa Alterna is a short cycle alternating, wa-
terless (dry) double pit technology. Compared to the 
Double VIP (S.4) which is just designed to collect, 
store and partially treat excreta, the Fossa Alter-
na is designed to make an earth-like product that 
can be used as a nutrient-rich soil conditioner. The 
Fossa Alterna is dug to a maximum depth of 1.5 m 
and requires a constant input of cover material (soil, 
ash, and/or leaves).
Cover material should be added to the pit after defeca-
tion (not urination). The soil and leaves introduce a vari-
ety of organisms like worms, fungi and bacteria which 
help in the degradation process. Also, the pore space 
is increased, which allows for aerobic conditions. Addi-
tionally, ash helps to control flies, reduces odours and 
makes the mix slightly more alkaline.
The full pit degrades while the second pit is filling, 
which, ideally, should take one year. The material in the 
full pit will degrade into a dry, earth-like mixture that 
can be easily removed manually. Because of the added 
carbon-rich bulking material, the degradation process is 
accelerated, and the content is ready for excavation and 
use much faster than in a Double VIP.
Design Considerations A Fossa Alterna pit would 
fill over a period of 12 to 24 months depending on its 
size and the number of users. Even though the pits are 
shallow (1 to 1.5 m), each of them can be used by a fam-
ily of six for one year. The Fossa Alterna technology will 
only work properly if the two pits are used sequentially 
and not concurrently. Therefore, an adequate cover for 
the out of service pit is required.
The Fossa Alterna should be used for urine, but water 
should not be added (small amounts of anal cleansing 
water can be tolerated). Water encourages the devel-
opment of vectors and pathogens, but it also fills the 
pore spaces and deprives the aerobic bacteria of the 
oxygen that is required for degradation. A UDDT (U.2) 
can be used with the Fossa Alterna, but only in circum-
stances when the soil cannot sufficiently absorb the 
urine or when the urine is highly valued for application. 
Since cover material is used to continuously cover the 
excreta, smells are reduced. To reduce the smells even 
further, a ventilation pipe can be added.
In flood-prone areas and where the groundwater table 
is too high, the Fossa Alterna could be raised or built 
entirely above ground to avoid water intrusion and 
groundwater pollution. Raising the pits could also be an 
S.5
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





S5: FOSSA ALTERNA
1 2 3
m
ax
. 1
.5
0m
soil
Inputs:    Excreta    Faeces    Organics
(+  Anal Cleansing Water) (+   Dry Cleansing Materials)
Outputs:    Pit Humus
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S.5
option for rocky ground and compacted soils that are 
difficult to dig. 
If space is abundant and emptying not desired, the 
Arborloo (D.1) can be an alternative Disposal option. 
Pits should not be lined if used as an Arborloo.
Appropriateness The Fossa Alterna is appropriate 
for rural and peri-urban areas. It is especially suitable 
to water-scarce environments. It is a useful solution for 
areas that have poor soil and could benefit from the use 
of the stabilized humic material as a soil amendment. 
The Fossa Alterna is not appropriate for greywater as 
the pit is shallow and the conditions must remain aero-
bic for degradation. 
The material is manually emptied from the Fossa Alter-
na (it is dug out, not pumped out); thus, vacuum truck 
access to the pits is not necessary.
The Fossa Alterna is not suited for rocky or compacted 
soils (that are difficult to dig) or for areas that flood fre-
quently, except if the pits are raised.
Health Aspects/Acceptance By covering faeces 
with soil, ash, and/or leaves, flies and odours are kept 
to a minimum. Users may not understand the difference 
between the Fossa Alterna and a Double VIP, although 
if given the opportunity to use one, people should have 
a good appreciation of the advantages. Demonstration 
units can be used to show how easily one can empty a 
Fossa Alterna in comparison to emptying a double pit. 
Keeping the contents sealed in the pit for the duration 
of at least one year makes the material safer and easier 
to handle. The same precautions that are taken when 
handling compost should be taken with the humus 
derived from the Fossa Alterna.
Operation & Maintenance When the first pit is put 
into use, a layer of leaves should be put onto the bottom 
of the pit. Periodically, more leaves should be added to 
increase the porosity and oxygen availability. Following 
the addition of faeces to the pit, a small amount of soil, 
ash, and/or leaves should be added. Occasionally, the 
mounded material beneath the toilet hole should be 
pushed to the sides of the pit in order to optimise the 
use of space.
Unlike a Single or Ventilated Pit (S.2, S.3) which will 
be covered or emptied, the material in the Fossa 
Alterna is meant to be used as a soil conditioner. 
Therefore, it is extremely important that no garbage 
is put into the pit.
Emptying the Fossa Alterna is easier than emptying 
other pits; the pits are shallower and the addition of 
soil, ash, and/or leaves means that the contents are 
less compact. The material that is removed is not 
offensive and presents a reduced threat of contam-
ination. Depending on the dimensions of the pits, 
the contents should not be emptied more often than 
once a year.
Pros & Cons
+  Because double pits are used alternately, their life is 
virtually unlimited
+  Excavation of humus is easier than faecal sludge
+  Significant reduction in pathogens
+  Generates nutrient-rich humus with good potential 
for use as soil conditioner
+  Flies and odours are significantly reduced (compared 
to non-ventilated pits)
+  Can be built and repaired with locally available  
materials
+  Low (but variable) capital costs depending on materi-
als; no or low operating costs if self-emptied
-  Requires constant source of cover material
-  Manual removal of humus is required
-  Garbage may ruin end-use opportunities of the  
product
References & Further Reading 
_	Morgan,	P.	R.	(2007).	Toilets That Make Compost. Low-Cost, 
Sanitary Toilets That Produce Valuable Compost for Crops in 
an African Context.	Stockholm	Environment	Institute,	Stock-
holm,	SE.	
Available	at:	www.ecosanres.org	
_	Morgan,	P.	R.	(2009).	Ecological Toilets. Start Simple and 
Upgrade from Arborloo to VIP.	Stockholm	Environment	Insti-
tute,	Stockholm,	SE.	
Available	at:	www.ecosanres.org
C
o
m
p
e
n
d
iu
m
 o
f 
S
an
it
at
io
n
 S
y
st
e
m
s 
an
d
 T
e
ch
n
o
lo
g
ie
s
F
u
n
ct
io
n
al
 G
ro
u
p
 S
: C
o
lle
ct
io
n
 a
n
d
 S
to
ra
g
e
/T
re
at
m
e
n
t
6
8
Twin Pits for Pour Flush
Inputs:    Blackwater   (  Greywater)
Outputs:    Pit Humus 
Applicable to:
System 3
This technology consists of two alternating pits con-
nected to a Pour Flush Toilet (U.4). The blackwater 
(and in some cases greywater) is collected in the pits 
and allowed to slowly infiltrate into the surrounding 
soil. Over time, the solids are sufficiently dewatered 
and can be manually removed with a shovel.
The twin pits for pour flush technology can be designed 
in various ways; the toilet can be located directly over 
the pits or at a distance from them. The superstructure 
can be permanently constructed over both pits or it can 
move from side to side depending on which one is in 
use. No matter how the system is designed, only one pit 
is used at a time. While one pit is filling, the other full 
pit is resting.
As liquid leaches from the pit and migrates through the 
unsaturated soil matrix, pathogenic germs are sorbed 
onto the soil surface. In this way, pathogens can be 
removed prior to contact with groundwater. The degree 
of removal varies with soil type, distance travelled, 
moisture and other environmental factors.
The difference between this technology and the Double 
VIP (S.4) or Fossa Alterna (S.5) is that it allows for water 
and it is not necessary to add soil or organic material 
to the pits. As this is a water-based (wet) technology, 
the full pits require a longer retention time (two years is 
recommended) to degrade the material before it can be 
excavated safely. 
Design Considerations The pits should be of an 
adequate size to accommodate a volume of waste gen-
erated over one or two years. This allows the contents of 
the full pit enough time to transform into a partially san-
itized, soil-like material that can be manually excavated. 
It is recommended that the twin pits be constructed 1 
m apart from each other to minimize cross-contamina-
tion between the maturing pit and the one in use. It is 
also recommended that the pits be constructed over 1 
m from any structural foundation as leachate can neg-
atively impact structural supports. Water within the pit 
can impact its stability. Therefore, the full depth of the 
pit walls should be lined to prevent collapse and the top 
30 cm should be fully mortared to prevent direct infiltra-
tion and to support the superstructure. 
There is a risk of groundwater pollution when pits are 
located in areas with a high or variable water table, 
and/or fissures or cracks in the bedrock. As soil and 
groundwater properties are often unknown, it is difficult 
S.6
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





S6: TWIN PIT POUR-FLUSH LATRINE (TPPFL)  
leach pit
seal
leach pit
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S.6
to estimate the distance necessary between a pit and 
a water source. It is normally recommended to have a 
minimum horizontal distance of 30 m between them to 
limit exposing the water source to microbial contami-
nation.
To ensure that only one of the two pits is used at any 
time, the idle pipe of the junction connecting to the out-
of-use pit should be closed (e.g. with cement or bricks). 
Alternatively, the Pour Flush Toilet could also be directly 
connected to the pit in use by a single straight pipe fixed 
in place with light mortar and covered with earth. The 
risk of failure and misuse is minimized by ensuring that 
the junction and pipes are not easily accessible. 
Appropriateness Twin pits for pour flush are a per-
manent technology appropriate for areas where it is not 
possible to continuously build new pit latrines. As long 
as water is available, this technology is appropriate for 
almost every type of housing density. However, too many 
wet pits in a small area is not recommended as the soil 
matrix may not be of sufficient capacity to absorb all the 
liquid and the ground could become water-logged (over-
saturated). In order for the pits to drain properly, the 
soil must have a good absorptive capacity; clay, tightly 
packed or rocky soils are not appropriate. This technol-
ogy is not suitable for areas with a high groundwater 
table or where there is frequent flooding.
Greywater can be co-managed along with the blackwater 
in the twin pits, especially if the greywater quantities are 
relatively small, and no other management system is in 
place to control it. However, large quantities of flushwa-
ter and/or greywater may result in excessive leaching 
from the pit and possibly groundwater contamination.
The dewatered, solid material is manually emptied from 
the pits (it is dug, not pumped out), therefore, space is 
not required for vacuum trucks to access them.
Health Aspects/Acceptance It is a commonly 
accepted sanitation option; however, some health con-
cerns exist:
• Leachate can contaminate groundwater;
• Stagnant water in pits may promote insect breeding;
• Pits are susceptible to failure and/or overflowing 
during floods.
Operation & Maintenance 
The pits must be regularly emptied (after the recom-
mended two year resting time), and care must be taken 
to ensure that they do not flood during rainy seasons. 
Emptying is done manually using long handled shovels 
and proper personal protection.
Pros & Cons
+  Because double pits are used alternately, their life is 
virtually unlimited
+  Excavation of humus is easier than faecal sludge
+  Significant reduction in pathogens
+  Potential for use of stored faecal material as soil con-
ditioner
+  Flies and odours are significantly reduced (compared 
to pits without a water seal)
+  Can be built and repaired with locally available 
materials
+  Low (but variable) capital costs depending on materi-
als; no or low operating costs if self-emptied
+  Small land area required
-  Manual removal of humus is required
-  Clogging is frequent when bulky cleansing materials 
are used
-  Higher risk of groundwater contamination due to 
more leachate than with waterless systems 
References & Further Reading 
_	Franceys,	R.,	Pickford,	J.	and	Reed,	R.	(1992).	A Guide to the 
Development of on-Site Sanitation.	WHO,	Geneva,	CH.	
Available	at:	www.susana.org/library
_	Mara,	D.	D.	(1985).	The Design of Pour-Flush Latrines.	UNDP	
Interregional	Project	INT/81/047,	The	World	Bank	and	
UNDP,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home
_	Mara,	D.	D.	(1996).	Low-Cost Urban Sanitation.	Wiley,	Chich-
ester,	UK.
_	Roy,	A.	K.,	Chatterjee,	P.	K.,	Gupta,	K.	N.,	Khare,	S.	T.,	Rau,	
B.	B.	and	Singh,	R.	S.	(1984).	Manual on the Design, Con-
struction and Maintenance of Low-Cost Pour-Flush Waterseal 
Latrines in India. UNDP	Interregional	Project	INT/81/047,	
The	World	Bank	and	UNDP,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home
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S7: DEHYDRATION VAULTS 
sectionview A
vi
ew
 Aurine
diversion
urine tank
fly screen
> 
30
cm
>11cm vent pipe
Dehydration vaults are used to collect, store and 
dry (dehydrate) faeces. Faeces will only dehydrate 
when the vaults are well ventilated, watertight to 
prevent external moisture from entering, and when 
urine and anal cleansing water are diverted away 
from the vaults.
When faeces are not mixed with urine and other liq-
uids, they dry quickly. In the absence of moisture, 
organisms cannot grow, pathogens are destroyed and 
smells minimized.
The use of two alternating vaults allows the faeces to 
dehydrate in one vault while the other vault fills. When 
one vault is full, the Urine-Diverting Dry Toilet (UDDT, 
U.2) is moved to the second vault. While the sec-
ond vault fills up, the faeces in the first vault dry and 
decrease in volume. When the second vault is full, the 
first one is emptied and put back into service.
To prevent flies, minimize odours and encourage drying, 
a small amount of ash, lime, dry soil or sawdust should 
be used to cover faeces after each use.
Design Considerations Dehydration vaults can 
be constructed indoors or with a separate superstruc-
ture. A vent pipe is required to remove humidity from 
the vaults and control flies and odours. The chambers 
should be airtight for proper functioning of the ventila-
tion. They should be made of sealed brickwork or con-
crete to ensure that surface runoff cannot enter. 
The WHO recommends a minimum storage time of 6 
months if ash or lime are used as cover material (alka-
line treatment), otherwise the storage should be for at 
least 1 year for warm climates (>20 °C average) and for 
1.5 to 2 years for colder climates.
In case of alkaline treatment, each vault is sized to 
accommodate at least 6 months of faeces accumulation. 
This results in a 6 month storage and dehydration time 
in the out-of-service vault. The vault dimensions should 
account for cover material, airflow, the non-even distri-
bution of faeces, and possibly visitors and dry cleansing 
materials. It can be assumed that one person will require 
around 50 L of storage volume every 6 months. A min-
imum chamber height of 60 to 80 cm is recommended 
for easy emptying and access to the urine pipes.
Appropriateness Dehydration vaults can be installed 
in almost every setting, from rural to dense urban areas, 
because of the small land area required, minimal odours 
Dehydration Vaults
Inputs:    Faeces   (+  Dry Cleansing Materials)
Outputs:    Dried Faeces 
Applicable to:
System 4S.7
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
Public





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and ease of use. If used in an urban context, this tech-
nology relies on a transport service for the dried faeces 
(and urine) since urban users normally do not have an 
interest and/or opportunity to use it locally. Dehydra-
tion vaults are especially appropriate for water-scarce 
and rocky areas or where the groundwater table is high. 
They are also suitable in areas that are frequently flood-
ed because they are built to be watertight.
Health Aspects/Acceptance Dehydration vaults 
can be a clean, comfortable, and easy-to-use technolo-
gy. It is crucial, however, that the users are well trained 
to understand how the technology works and appreci-
ate its benefits.
When the vaults are kept dry, there should not be any 
problems with flies or odours. After the recommended 
storage time, the faeces should be very dry and rela-
tively safe to handle, provided that they did not get wet. 
However, a low health risk remains. Single dehydration 
vaults or bins do not allow faeces to sufficiently dehy-
drate. When the full container needs emptying, the fae-
ces on top are still fresh. Hence, the risk associated with 
the handling of faecal matter is inherently higher in sin-
gle vaults compared to double vault designs. The use of 
alternating chambers is, therefore, recommended. How-
ever, research and field tests of sealed faeces containers 
(or cartridges) for safe transportation and easy cleaning, 
along with the corresponding logistics, are on-going.
Operation & Maintenance Just like the faeces 
which are dried, but not degraded in the vaults, dry 
cleansing materials will not decompose in the cham-
bers. Whenever the material is intended to be applied 
onto fields without further treatment, it is recommend-
ed to separately collect and dispose of the dry cleansing 
materials. Occasionally, the faeces that have accumu-
lated beneath the toilet should be pushed to the sides 
of the chamber.
Care should be taken to ensure that no water or urine gets 
into the dehydration vault. If this happens, extra ash, lime, 
soil or sawdust can be added to help absorb the liquid. 
To empty the vaults, a shovel, gloves and possibly a 
facemask (cloth) should be used to avoid contact with 
the dried faeces.
Pros & Cons
+  Because double vaults are used alternately, their life 
is virtually unlimited
+  Significant reduction in pathogens
+  Potential for use of dried faeces as soil conditioner
+  No real problems with flies or odours if used and 
maintained correctly (i.e., kept dry)
+  Can be built and repaired with locally available  
materials
+  Suitable for rocky and/or flood prone areas or where 
the groundwater table is high
+  Low (but variable) capital costs depending on materi-
als; no or low operating costs if self-emptied
-  Requires training and acceptance to be used  
correctly
-  Requires constant source of cover material
-  Manual removal of dried faeces is required
References & Further Reading 
_	Deegener,	S.,	Samwel,	M.	and	Gabizon,	S.	(2006).	Urine 
Diverting Toilets. Principles, Operation and Construction. 
Women	in	Europe	for	a	Common	Future,	Utrecht,	NL	and	
Munich,	DE.	
Available	at:	www.wecf.de		
(Photos	and	explanation	of	how	to	build	a	double	vault	and	
superstructure)
_	Rieck,	C.,	von	Münch,	E.	and	Hoffmann,	H.	(2012).	Technol-
ogy Review of Urine-Diverting Dry Toilets (UDDTs). Overview 
of Design, Operation, Management and Costs.	Deutsche	
Gesellschaft	für	Internationale	Zusammenarbeit	(GIZ)	
GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library	
_	Winblad,	U.	and	Simpson-Hébert,	M.	(Eds.)	(2004).	Eco-
logical Sanitation. Revised and Enlarged Edition.	Stockholm	
Environment	Institute,	Stockholm,	SE.		
Available	at:	www.ecosanres.org	
(A	general	description	of	various	designs	and	adaptations,	
especially	Chapter	3)
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 4: Excreta and Greywater Use 
in Agriculture. World	Health	Organization,	Geneva,	CH.		
Available	at:	www.who.int	
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Composting Chamber
Inputs:    Excreta    Faeces    Organics 
(+  Dry Cleansing Materials)
Outputs:    Compost    Effluent
Applicable to:
System 2S.8
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





S8: COMPOSTING CHAMBER
vent pipe
fan
sieve or drainage layer excess liquid drain
door for
maintenance and
organics addition
withdrawal
air ducts
partition wall
Composting refers to the process by which biode-
gradable components are biologically decomposed 
by microorganisms (mainly bacteria and fungi) un-
der aerobic conditions. A composting chamber is 
designed to convert excreta and organics into com-
post. Compost is a stable, inoffensive product that 
can be safely handled and used as a soil conditioner.
This technology usually requires four main parts: (1) 
a reactor (storage chamber); (2) a ventilation unit to 
provide oxygen and allow gases (CO2, water vapour) 
to escape; (3) a leachate collection system; and (4) an 
access door to remove the mature product.
Excreta, organics, food waste and bulking material 
(such as wood chips, sawdust, ash or paper) are mixed 
in the chamber. There are four factors that ensure the 
good functioning of the system: (a) sufficient oxygen, 
provided by active or passive aeration; (b) proper mois-
ture (ideally 45 to 70% moisture content); (c) internal 
(heap) temperature of 40 to 50 °C (achieved by proper 
chamber dimensioning); and (d) a 25:1 C:N ratio (theo-
retically) which can be adjusted by adding bulking mate-
rial as a carbon source.
In practice, these optimal conditions are difficult to 
maintain. As a result, the output product is often not 
sufficiently stabilized and sanitized, and requires fur-
ther treatment.
Design Considerations A composting chamber can 
be designed in various configurations and construct-
ed above or below ground, indoors or with a separate 
superstructure.
A design value of 300 L/person/year can be used to 
calculate the required chamber volume. 
Ventilation channels (air ducts) under the heap can be 
beneficial for aeration. More complex designs can include 
a small ventilation fan, a mechanical mixer, or multiple 
compartments to allow for increased storage and degra-
dation time. A sloped bottom and a chamber for compost 
withdrawal facilitate access to the final product. A drain-
age system is important to ensure the removal of leachate.
Excessive ammonia from urine inhibits the microbial 
processes in the chamber. The use of a Urine-Divert-
ing Dry Toilet (UDDT, U.2) or Urinal (U.3) can, therefore, 
improve the quality of the compost.
Appropriateness Since this technology is compact 
and waterless, it is especially suited in areas where land 
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S.8
and water are limited, or when there is a need for com-
post. It can also be installed in rocky areas, or where the 
groundwater table is high. In cold climates, a compost-
ing chamber should be indoors to ensure that low tem-
peratures do not impede the microbial processes. This 
technology cannot be used for the collection of anal 
cleansing water or greywater; if the reactor becomes 
too wet, anaerobic conditions will cause odour prob-
lems and improper degradation.
Health Aspects/Acceptance If the composting 
chamber is well designed, the users will not have to 
handle the material during the first year.
A well-functioning composting chamber should not 
produce odours. If there is ample bulking material and 
good ventilation, there should be no problems with flies 
or other insects. When removing the final product, it is 
advisable to wear protective clothing to prevent contact 
with (partially) composted material.
Operation & Maintenance Although simple in the-
ory, composting chambers are not that easy to operate. 
The moisture must be controlled, the C:N ratio must be 
well balanced and the volume of the unit must be such 
that the temperature of the compost pile remains high 
to achieve pathogen reduction. After each defecation, 
a small amount of bulking material is added to absorb 
excess liquid, improve the aeration of the pile and bal-
ance the carbon availability. Turning the material from 
time to time will boost the oxygen supply. 
A squeeze test can be made to check the moisture level 
within the chamber. When squeezing a handful of com-
post, it should not crumble or feel dry, nor should it feel 
like a wet sponge. Rather, the compost should leave only 
a few drops of water in one’s hand. If the material in the 
chamber becomes too compact and humid, additional 
bulking material should be added. If a UDDT is used, some 
water should be added to obtain the required humidity.
Depending on the design, the composting chamber 
should be emptied every 2 to 10 years. Only the mature 
compost should be removed. The material may require 
further treatment to become hygienically safe (e.g., 
Co-Composting, see T.16).
With time, salt or other solids may build up in the tank 
or drainage system. These can be dissolved with hot 
water and/or scraped out.
Pros & Cons
+  Significant reduction in pathogens
+  Compost can be used as a soil conditioner
+  No real problems with flies or odours if used and 
maintained correctly
+  Organic solid waste can be managed concurrently
+  Long service life
+  Low operating costs if self-emptied
-  Requires well-trained user or service personnel for 
monitoring and maintenance
-  Compost might require further treatment before use
-  Leachate requires treatment and/or appropriate 
discharge
-  Requires expert design and construction
-  May require some specialized parts and electricity
-  Requires constant source of organics
-  Manual removal of compost is required
References & Further Reading 
_	Berger,	W.	(2011).	Technology Review of Composting Toilets. 
Basic Overview of Composting Toilets (with or without Urine 
Diversion).	Gesellschaft	für	Internationale	Zusammenarbeit	
(GIZ)	GmbH,	Eschborn,	DE.	
Available	at:	www.susana.org/library
_	Del	Porto,	D.	and	Steinfeld,	C.	(1999).	The Composting Toilet 
System Book. A Practical Guide to Choosing, Planning and 
Maintaining Composting Toilet Systems, an Alternative to 
Sewer and Septic Systems. The	Center	for	Ecological	Pollu-
tion	Prevention	(CEPP),	Concord,	MA,	US.
_	Hill,	G.	B.,	Baldwin,	S.	A.	and	Vinnerås,	B.	(2013).	Com-
posting Toilets a Misnomer: Excessive Ammonia from Urine 
Inhibits Microbial Activity yet Is Insufficient in Sanitizing the 
End-Product.	Journal	of	Environmental	Management	119	
(2013):	29-35.
_	Jenkins,	J.	(2005).	The Humanure Handbook. A Guide to 
Composting Human Manure.	3rd	Ed.	Jenkins	Publishing,	
Grove	City,	PA,	US.
_	U.S.	EPA	(1999).	Water Efficiency Technology Fact Sheet. 
Composting Toilets.	EPA	832-F-99-066.	U.S.	Environmental	
Protection	Agency,	Washington,	D.C.,	US.	
Available	at:	www.epa.gov
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Septic Tank
Inputs:    Blackwater    Brownwater   
 Greywater
Outputs:    Effluent    Sludge
Applicable to:
Systems 6, 7S.9
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





S9: SEPTIC TANK 
sludge
sedimentation zone
scum
outlet
vent
inlet inlet-T
access covers
A septic tank is a watertight chamber made of con-
crete, fibreglass, PVC or plastic, through which black-
water and greywater flows for primary treatment. 
Settling and anaerobic processes reduce solids and 
organics, but the treatment is only moderate.
Liquid flows through the tank and heavy particles sink 
to the bottom, while scum (mostly oil and grease) floats 
to the top. Over time, the solids that settle to the bot-
tom are degraded anaerobically. However, the rate of 
accumulation is faster than the rate of decomposition, 
and the accumulated sludge and scum must be period-
ically removed. The effluent of the septic tank must be 
dispersed by using a Soak Pit (D.7) or Leach Field (D.8), 
or transported to another treatment technology via a 
Solids-Free Sewer (C.5).
Generally, the removal of 50% of solids, 30 to 40% of 
BOD and a 1-log removal of E. coli can be expected in 
a well-designed and maintained septic tank, although 
efficiencies vary greatly depending on operation and 
maintenance and climatic conditions.
Design Considerations A septic tank should have 
at least two chambers. The first chamber should be 
at least 50% of the total length, and when there are 
only two chambers, it should be two thirds of the total 
length. Most of the solids settle out in the first chamber. 
The baffle, or the separation between the chambers, is 
to prevent scum and solids from escaping with the efflu-
ent. A T-shaped outlet pipe further reduces the scum 
and solids that are discharged. 
Accessibility to all chambers (through access ports) 
is necessary for maintenance. Septic tanks should be 
vented for controlled release of odorous and potentially 
harmful gases.
The design of a septic tank depends on the number 
of users, the amount of water used per capita, the 
average annual temperature, the desludging frequen-
cy and the characteristics of the wastewater. The 
retention time should be 48 hours to achieve moder-
ate treatment.
A variation of the septic tank is called an Aquaprivy. 
This is a simple storage and settling tank that is located 
directly below the toilet so that the excreta fall into it. 
The Aquaprivy has a low treatment efficiency.
Appropriateness This technology is most commonly 
applied at the household level. Larger, multi-chamber 
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S.9
septic tanks can be designed for groups of houses and/
or public buildings (e.g., schools).
A septic tank is appropriate where there is a way 
of dispersing or transporting the effluent. If septic 
tanks are used in densely populated areas, onsite 
infiltration should not be used, otherwise, the ground 
will become oversaturated and contaminated, and 
wastewater may rise up to the surface, posing a seri-
ous health risk. Instead, the septic tanks should be 
connected to some type of Conveyance technology, 
through which the effluent is transported to a subse-
quent Treatment or Disposal site. Even though septic 
tanks are watertight, it is not recommended to con-
struct them in areas with high groundwater tables or 
where there is frequent flooding.
Because the septic tank must be regularly desludged, 
a vacuum truck should be able to access the loca-
tion. Often, septic tanks are installed in the home, 
under the kitchen or bathroom, which makes emp-
tying difficult.
Septic tanks can be installed in every type of cli-
mate, although the efficiency will be lower in colder 
climates. They are not efficient at removing nutrients 
and pathogens.
Health Aspects/Acceptance Under normal oper-
ating conditions, users do not come in contact with the 
influent or effluent. Effluent, scum and sludge must be 
handled with care as they contain high levels of patho-
genic organisms.
Users should be careful when opening the tank because 
noxious and flammable gases may be released.
Operation & Maintenance Because of the deli-
cate ecology, care should be taken not to discharge 
harsh chemicals into the septic tank. Scum and 
sludge levels need to be monitored to ensure that 
the tank is functioning well. Generally, septic tanks 
should be emptied every 2 to 5 years. This is best 
done by using a Motorized Emptying and Transport 
technology (C.3), but Human-Powered Emptying 
(C.2) can also be an option. 
Septic tanks should be checked from time to time to 
ensure that they are watertight.
Pros & Cons
+  Simple and robust technology
+  No electrical energy is required
+  Low operating costs
+  Long service life
+  Small land area required (can be built underground)
-  Low reduction in pathogens, solids and organics
-  Regular desludging must be ensured
-  Effluent and sludge require further treatment and/or 
appropriate discharge
References & Further Reading 
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems. WCB/McGraw-
Hill,	New	York,	US.
_	Mara,	D.	D.	(1996).	Low-Cost Urban Sanitation.	Wiley,	Chich-
ester,	UK.		
(Sizing,	volume	and	emptying	calculations	and	example	
design	solutions	–	Chapter	6)
_	Oxfam	(2008).	Septic Tank Guidelines. Technical	Brief.	
Oxfam	GB,	Oxford,	UK.		
Available	at:	policy-practice.oxfam.org.uk
_	Polprasert,	C.	and	Rajput,	V.	S.	(1982).	Environmental San-
itation Reviews. Septic Tank and Septic Systems.	Environ-
mental	Sanitation	Information	Center,	AIT,	Bangkok,	TH.	pp.	
68-74.	
(Comprehensive	design	manual)
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide.	WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.
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Anaerobic Baffled Reactor (ABR)
Inputs:    Blackwater    Brownwater   
 Greywater
Outputs:    Effluent    Sludge
Applicable to:
Systems 6, 7S.10
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





S10: ANAEROBIC BAFFLED REACTOR (ABR)
sludge
sedimentation 
zone
scum
outlet
access covers
inlet
settler anaerobic baffled reactor (ABR)
inlet-T baffle
vent
An anaerobic baffled reactor (ABR) is an improved 
Septic Tank (S.9) with a series of baffles under which 
the wastewater is forced to flow. The increased con-
tact time with the active biomass (sludge) results in 
improved treatment.
The upflow chambers provide enhanced removal and 
digestion of organic matter. BOD may be reduced by up 
to 90%, which is far superior to its removal in a conven-
tional Septic Tank. 
Design Considerations The majority of settlea-
ble solids are removed in a sedimentation chamber in 
front of the actual ABR. Small-scale, stand-alone units 
typically have an integrated settling compartment, but 
primary sedimentation can also take place in a sepa-
rate Settler (T.1) or another preceding technology (e.g., 
existing Septic Tanks). Designs without a settling com-
partment (as shown in T.3) are of particular interest for 
(Semi-) Centralized Treatment plants that combine the 
ABR with another technology for primary settling, or 
where prefabricated, modular units are used. 
Typical inflows range from 2 to 200 m3 per day. Crit-
ical design parameters include a hydraulic retention 
time (HRT) between 48 to 72 hours, upflow velocity 
of the wastewater below 0.6 m/h and the number of 
upflow chambers (3 to 6). The connection between the 
chambers can be designed either with vertical pipes or 
baffles. Accessibility to all chambers (through access 
ports) is necessary for maintenance. Usually, the biogas 
produced in an ABR through anaerobic digestion is not 
collected because of its insufficient amount. The tank 
should be vented to allow for controlled release of odor-
ous and potentially harmful gases.
Appropriateness This technology is easily adaptable 
and can be applied at the household level, in small neigh-
bourhoods or even in bigger catchment areas. It is most 
appropriate where a relatively constant amount of black-
water and greywater is generated. A (semi-) centralized 
ABR is appropriate when there is a pre-existing Convey-
ance technology, such as a Simplified Sewer (C.4).
This technology is suitable for areas where land may 
be limited since the tank is most commonly installed 
underground and requires a small area. However, a 
vacuum truck should be able to access the location 
because the sludge must be regularly removed (particu-
larly from the settler). 
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S.10
ABRs can be installed in every type of climate, although 
the efficiency is lower in colder climates. They are not 
efficient at removing nutrients and pathogens. The efflu-
ent usually requires further treatment.
Health Aspects/Acceptance Under normal oper-
ating conditions, users do not come in contact with the 
influent or effluent. Effluent, scum and sludge must be 
handled with care as they contain high levels of pathogen-
ic organisms. The effluent contains odorous compounds 
that may have to be removed in a further polishing step. 
Care should be taken to design and locate the facility 
such that odours do not bother community members.
Operation & Maintenance An ABR requires a 
start-up period of several months to reach full treatment 
capacity since the slow growing anaerobic biomass 
first needs to be established in the reactor. To reduce 
start-up time, the ABR can be inoculated with anaerobic 
bacteria, e.g., by adding fresh cow dung or Septic Tank 
sludge. The added stock of active bacteria can then mul-
tiply and adapt to the incoming wastewater. Because of 
the delicate ecology, care should be taken not to dis-
charge harsh chemicals into the ABR.
Scum and sludge levels need to be monitored to ensure 
that the tank is functioning well. Process operation in 
general is not required, and maintenance is limited to 
the removal of accumulated sludge and scum every 1 
to 3 years. This is best done using a Motorized Empty-
ing and Transport technology (C.3). The desludging fre-
quency depends on the chosen pre-treatment steps, as 
well as on the design of the ABR.
ABR tanks should be checked from time to time to 
ensure that they are watertight.
Pros & Cons
+  Resistant to organic and hydraulic shock loads
+  No electrical energy is required
+  Low operating costs
+  Long service life
+  High reduction of BOD
+  Low sludge production; the sludge is stabilized
+  Moderate area requirement (can be built under-
ground)
-  Requires expert design and construction
-  Low reduction of pathogens and nutrients
-  Effluent and sludge require further treatment and/or 
appropriate discharge
References & Further Reading 
_	Bachmann,	A.,	Beard,	V.	L.	and	McCarty,	P.	L.	(1985).	Per-
formance Characteristics of the Anaerobic Baffled Reactor. 
Water	Research	19	(1):	99-106.
_	Barber,	W.	P.	and	Stuckey,	D.	C.	(1999).	The Use of the 
Anaerobic Baffled Reactor (ABR) for Wastewater Treatment: A 
Review.	Water	Research	33	(7):	1559-1578.
_	Foxon,	K.	M.,	Buckley,	C.	A.,	Brouckaert,	C.	J.,	Dama,	P.,	
Mtembu,	Z.,	Rodda,	N.,	Smith,	M.,	Pillay,	S.,	Arjun,	N.,	Lalba-
hadur,	T.	and	Bux,	F.	(2006).	Evaluation of the Anaerobic Baf-
fled Reactor for Sanitation in Dense Peri-urban Settlements. 
WRC	Report	No	1248/01/06,	Water	Research	Commission,	
Pretoria,	ZA.	
Available	at:	www.wrc.org.za
_	Foxon,	K.	M.,	Pillay,	S.,	Lalbahadur,	T.,	Rodda,	N.,	Holder,	
F.	and	Buckley,	C.	A.	(2004).	The Anaerobic Baffled Reactor 
(ABR): An Appropriate Technology for on-Site Sanitation. 
Water	SA	30	(5)	(Special	Edition).		
Available	at:	www.wrc.org.za
_	Stuckey,	D.	C.	(2010).	Anaerobic Baffled Reactor (ABR) for 
Wastewater Treatment.	In:	Environmental	Anaerobic	Tech-
nology.	Applications	and	New	Developments,	H.	H.	P.	Fang	
(Ed.),	Imperial	College	Press,	London,	UK.
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide. WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.
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S11: ANAEROBIC FILTER
sludge
filter support
access covers
filter
sedimentation 
zone
settler anaerobic filter units
scum
vent
outlet
inlet inlet-T baffle
An anaerobic filter is a fixed-bed biological reactor 
with one or more filtration chambers in series. As 
wastewater flows through the filter, particles are 
trapped and organic matter is degraded by the ac-
tive biomass that is attached to the surface of the 
filter material.
With this technology, suspended solids and BOD remov-
al can be as high as 90%, but is typically between 50% 
and 80%. Nitrogen removal is limited and normally does 
not exceed 15% in terms of total nitrogen (TN).
Design Considerations Pre- and primary treatment 
is essential to remove solids and garbage that may clog 
the filter. The majority of settleable solids are removed in 
a sedimentation chamber in front of the anaerobic filter. 
Small-scale, stand-alone units typically have an integrated 
settling compartment, but primary sedimentation can also 
take place in a separate Settler (T.1) or another preceding 
technology (e.g., existing Septic Tanks). Designs without 
a settling compartment (as shown in T.4) are of particu-
lar interest for (Semi-) Centralized Treatment plants that 
combine the anaerobic filter with other technologies, 
such as the Anaerobic Baffled Reactor (ABR, T.3).
Anaerobic filters are usually operated in upflow 
mode because there is less risk that the fixed bio-
mass will be washed out. The water level should cov-
er the filter media by at least 0.3 m to guarantee an 
even flow regime. The hydraulic retention time (HRT) 
is the most important design parameter influencing 
filter performance. An HRT of 12 to 36 hours is rec-
ommended.
The ideal filter should have a large surface area for 
bacteria to grow, with pores large enough to prevent 
clogging. The surface area ensures increased contact 
between the organic matter and the attached bio-
mass that effectively degrades it. Ideally, the material 
should provide between 90 to 300 m2 of surface area 
per m3 of occupied reactor volume. Typical filter mate-
rial sizes range from 12 to 55 mm in diameter. Mate-
rials commonly used include gravel, crushed rocks 
or bricks, cinder, pumice, or specially formed plastic 
pieces, depending on local availability. The connection 
between the chambers can be designed either with 
vertical pipes or baffles. Accessibility to all chambers 
(through access ports) is necessary for maintenance. 
The tank should be vented to allow for controlled 
release of odorous and potentially harmful gases.
Anaerobic Filter
Inputs:    Blackwater    Brownwater   
 Greywater
Outputs:    Effluent    Sludge
Applicable to:
Systems 6, 7S.11
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





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Appropriateness This technology is easily adapt-
able and can be applied at the household level, in small 
neighbourhoods or even in bigger catchment areas. It is 
most appropriate where a relatively constant amount of 
blackwater and greywater is generated. The anaerobic 
filter can be used for secondary treatment, to reduce 
the organic loading rate for a subsequent aerobic treat-
ment step, or for polishing.
This technology is suitable for areas where land may 
be limited since the tank is most commonly installed 
underground and requires a small area. Accessibility by 
vacuum truck is important for desludging. 
Anaerobic filters can be installed in every type of cli-
mate, although the efficiency is lower in colder climates. 
They are not efficient at removing nutrients and patho-
gens. Depending on the filter material, however, com-
plete removal of worm eggs may be achieved. The efflu-
ent usually requires further treatment.
Health Aspects/Acceptance Under normal oper-
ating conditions, users do not come in contact with the 
influent or effluent. Effluent, scum and sludge must be 
handled with care as they contain high levels of path-
ogenic organisms. The effluent contains odorous com-
pounds that may have to be removed in a further pol-
ishing step. Care should be taken to design and locate 
the facility such that odours do not bother community 
members.
Operation & Maintenance An anaerobic filter 
requires a start-up period of 6 to 9 months to reach 
full treatment capacity since the slow growing anaer-
obic biomass first needs to be established on the filter 
media. To reduce start-up time, the filter can be inocu-
lated with anaerobic bacteria, e.g., by spraying Septic 
Tank sludge onto the filter material. The flow should be 
gradually increased over time. Because of the delicate 
ecology, care should be taken not to discharge harsh 
chemicals into the anaerobic filter.
Scum and sludge levels need to be monitored to ensure 
that the tank is functioning well. Over time, solids will 
clog the pores of the filter. As well, the growing bacterial 
mass will become too thick, break off and eventually 
clog pores. When the efficiency decreases, the filter 
must be cleaned. This is done by running the system in 
reverse mode (backwashing) or by removing and clean-
ing the filter material.
Anaerobic filter tanks should be checked from time to 
time to ensure that they are watertight.
Pros & Cons
+  No electrical energy is required
+  Low operating costs
+  Long service life
+  High reduction of BOD and solids
+  Low sludge production; the sludge is stabilized
+  Moderate area requirement (can be built under-
ground)
-  Requires expert design and construction
-  Low reduction of pathogens and nutrients
-  Effluent and sludge require further treatment and/or 
appropriate discharge
-  Risk of clogging, depending on pre- and primary 
treatment
-  Removing and cleaning the clogged filter media is 
cumbersome
References & Further Reading 
_	Morel,	A.	and	Diener,	S.	(2006).	Greywater Management in 
Low and Middle-Income Countries. Review of Different Treat-
ment Systems for Households or Neighbourhoods. Eawag	
(Department	Sandec),	Dübendorf,	CH.	
Available	at:	www.sandec.ch	
(Short	summary	including	case	studies	–	p.	28)
_	von	Sperling,	M.	and	de	Lemos	Chernicharo,	C.	A.	(2005).	
Biological Wastewater Treatment in Warm Climate Regions, 
Volume One.	IWA	Publishing,	London,	UK.	pp.	728-804.	
Available	at:	www.iwawaterwiki.org		
(Detailed	design	instructions)
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide. WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.	
(Design	summary	including	Excel	spreadsheets	for	design	
calculations)
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S12: BIOGAS REACTOR
inlet biogas pipe
biogas
outlet
access coverseal
slurry
expansion chamber
digestate
A biogas reactor or anaerobic digester is an an-
aerobic treatment technology that produces (a) a 
digested slurry (digestate) that can be used as a 
fertilizer and (b) biogas that can be used for ener-
gy. Biogas is a mix of methane, carbon dioxide and 
other trace gases which can be converted to heat, 
electricity or light.
A biogas reactor is an airtight chamber that facilitates 
the anaerobic degradation of blackwater, sludge, and/
or biodegradable waste. It also facilitates the collection 
of the biogas produced in the fermentation processes 
in the reactor. The gas forms in the slurry and collects 
at the top of the chamber, mixing the slurry as it rises. 
The digestate is rich in organics and nutrients, almost 
odourless and pathogens are partly inactivated.
Design Considerations Biogas reactors can be 
brick-constructed domes or prefabricated tanks, 
installed above or below ground, depending on space, 
soil characteristics, available resources and the volume 
of waste generated. They can be built as fixed dome 
or floating dome digesters. In the fixed dome, the vol-
ume of the reactor is constant. As gas is generated it 
exerts a pressure and displaces the slurry upward into 
an expansion chamber. When the gas is removed, the 
slurry flows back into the reactor. The pressure can be 
used to transport the biogas through pipes. In a float-
ing dome reactor, the dome rises and falls with the 
production and withdrawal of gas. Alternatively, it can 
expand (like a balloon). To minimize distribution losses, 
the reactors should be installed close to where the gas 
can be used.
The hydraulic retention time (HRT) in the reactor should 
be at least 15 days in hot climates and 25 days in tem-
perate climates. For highly pathogenic inputs, a HRT of 
60 days should be considered. Normally, biogas reac-
tors are operated in the mesophilic temperature range 
of 30 to 38 °C. A thermophilic temperature of 50 to 
57 °C would ensure the pathogens destruction, but can 
only be achieved by heating the reactor (although in 
practice, this is only found in industrialized countries).
Often, biogas reactors are directly connected to pri-
vate or public toilets with an additional access point for 
organic materials. At the household level, reactors can 
be made out of plastic containers or bricks. Sizes can 
vary from 1,000 L for a single family up to 100,000 L 
for institutional or public toilet applications. Because 
Biogas Reactor
Inputs:    Sludge    Blackwater   
 Brownwater    Organics
Outputs:    Sludge    Biogas
Applicable to:
System 5S.12
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public






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the digestate production is continuous, there must be 
provisions made for its storage, use and/or transport 
away from the site.
Appropriateness This technology can be applied at 
the household level, in small neighbourhoods or for the 
stabilization of sludge at large wastewater treatment 
plants. It is best used where regular feeding is possible. 
Often, a biogas reactor is used as an alternative to a 
Septic Tank (S.9), since it offers a similar level of treat-
ment, but with the added benefit of biogas. However, 
significant gas production cannot be achieved if black-
water is the only input. The highest levels of biogas 
production are obtained with concentrated substrates, 
which are rich in organic material, such as animal 
manure and organic market or household waste. It can 
be efficient to co-digest blackwater from a single house-
hold with manure if the latter is the main source of feed-
stock. Greywater should not be added as it substantially 
reduces the HRT. Wood material and straw are difficult 
to degrade and should be avoided in the substrate.
Biogas reactors are less appropriate for colder climates 
as the rate of organic matter conversion into biogas is 
very low below 15 °C. Consequently, the HRT needs to 
be longer and the design volume substantially increased.
Health Aspects/Acceptance The digestate is 
partially sanitized but still carries a risk of infection. 
Depending on its end-use, further treatment might be 
required. There are also dangers associated with the 
flammable gases that, if mismanaged, could be harmful 
to human health.
Operation & Maintenance If the reactor is proper-
ly designed and built, repairs should be minimal. To start 
the reactor, it should be inoculated with anaerobic bac-
teria, e.g., by adding cow dung or Septic Tank sludge. 
Organic waste used as substrate should be shredded 
and mixed with water or digestate prior to feeding.
Gas equipment should be carefully and regularly 
cleaned so that corrosion and leaks are prevented. Grit 
and sand that have settled to the bottom should be 
removed. Depending on the design and the inputs, the 
reactor should be emptied once every 5 to 10 years.
Pros & Cons
+  Generation of renewable energy
+  Small land area required (most of the structure can 
be built underground)
+  No electrical energy required
+  Conservation of nutrients
+  Long service life
+  Low operating costs
-  Requires expert design and skilled construction
-  Incomplete pathogen removal, the digestate might 
require further treatment
-  Limited gas production below 15 °C
References & Further Reading 
_	CMS	(1996).	Biogas Technology: A Training Manual for Exten-
sion.	FAO/TCP/NEP/4451-T.	Consolidated	Management	
Services,	Kathmandu,	NP.		
Available	at:	www.fao.org
_	GTZ	(1998).	Biogas Digest. Volume I-IV.	Information	and	Advi-
sory	Service	on	Appropriate	Technology	(ISAT).	Deutsche	
Gesellschaft	für	Technische	Zusammenarbeit	(GTZ)	GmbH,	
Eschborn,	DE.	
Available	at:	www.susana.org/library
_	Mang,	H.-P.	and	Li,	Z.	(2010).	Technology Review of Biogas 
Sanitation. Draft – Biogas Sanitation for Blackwater, Brown 
Water, or for Excreta Treatment and Reuse in Developing 
Countries. Gesellschaft	für	Internationale	Zusammenarbeit	
(GIZ)	GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide.	WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.
_	Vögeli,	Y.,	Lohri,	C.	R.,	Gallardo,	A.,	Diener,	S.	and	Zurbrügg,	
C.	(2014).	Anaerobic Digestion of Biowaste in Developing 
Countries. Practical Information and Case Studies.	Eawag	
(Department	Sandec),	Dübendorf,	CH.	
Available	at:	www.sandec.ch
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C
The technologies in this section deal with the products generated at the 
User Interface or onsite Collection and Storage/Treatment technology 
by removing and/or transporting them to a subsequent offsite (Semi-) 
Centralized Treatment, Use and/or Disposal technology. They are either 
sewer-based technologies (C.4-C.6), or container-based motorized/
human-powered emptying and transport technologies (C.1-C.3, C.7).
C.1  Jerrycan/Tank
C.2  Human-Powered Emptying and Transport
C.3  Motorized Emptying and Transport
C.4  Simplified Sewer
C.5  Solids-Free Sewer
C.6  Conventional Gravity Sewer
C.7  Transfer Station (Underground Holding Tank)
In any given context, the technology choice generally depends on the 
following factors:
• Type and quantity of products to be transported
• Distance to cover
• Accessibility
• Topography
• Soil and groundwater characteristics
• Financial resources
• Availability of a service provider
• Management considerations
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Conveyance C
C
o
m
p
e
n
d
iu
m
 o
f 
S
an
it
at
io
n
 S
y
st
e
m
s 
an
d
 T
e
ch
n
o
lo
g
ie
s
F
u
n
ct
io
n
al
 G
ro
u
p
 C
: C
o
nv
ey
an
ce
8
4
C1: JERRYCAN/TANK 
Jerrycans are light, plastic containers that are readi-
ly available and can be easily carried by one person. 
When sealed, they can be used to safely store or 
transport urine. 
Urine can be collected in jerrycans or they can be filled 
with the urine stored in Storage Tanks/Containers (S.1) 
for transportation to agricultural fields or to a central 
storage facility. Where urine-diversion systems are com-
mon, a micro-enterprise may specialize in the collection 
and transport of jerrycans, using e.g., bicycles, don-
keys, carts or small trucks.
Design Considerations On average, a person gen-
erates about 1.2 L of urine a day; however, this quantity 
may vary significantly depending on climate and fluid 
consumption. A family of 5 can be expected to fill a 20 
L jerrycan with urine in approximately 3 to 4 days. It can 
either be stored on site or immediately transported.
If the jerrycan is directly connected to the toilet or urinal 
with a pipe, care should be taken to minimize its length 
since precipitates will accumulate. Pipes should have a 
steep slope (> 1%), no sharp angles, and large diameters. 
They should be easily accessible in case of blockages.
Because jerrycans quickly fill up and need to be fre-
quently exchanged or emptied, the use of a large Stor-
age Tank/Container should be considered for primary 
collection of the urine. The stored urine can then be 
filled into jerrycans (e.g., using a small pump) and trans-
ported to the fields.
Appropriateness A well-sealed jerrycan is an effec-
tive way of transporting urine over short distances. It 
is inexpensive, easy to clean and re-useable. This type 
of transport is only appropriate for areas where the 
points of generation and use (i.e., homes and fields) 
are close together, and where relatively small quanti-
ties of urine are produced. Otherwise, a more formal-
ized and efficient collection and distribution system 
is necessary. For compounds or communities with 
urine-diverting systems, for example, it may be more 
appropriate to have a large urine storage tank that 
can be emptied by such means as Motorized Emptying 
and Transport (C.3).
Jerrycans can be used in cold environments (where 
urine freezes) as long as they are not completely 
filled. In warmer months the stored urine can be used 
when it is needed for agriculture.
Jerrycan / Tank
Inputs/Outputs:   
 Urine    Stored Urine
Applicable to:
Systems 4, 5, 9C.1
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public




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Health Aspects/Acceptance The people who 
exchange or empty jerrycans incur low health risks 
because urine is normally sterile. Carrying jerrycans 
also poses little health risk as they seal very well. While 
carrying a jerrycan may not be the most pleasant activi-
ty, it is likely to be more convenient and less costly than 
emptying a pit.
In some locations, urine has an economic value and it 
may be collected from households for free. Families 
who invest the time to transport and use their own urine 
may be rewarded with increased agricultural produc-
tion, improving their nutrition and/or increasing their 
income.
Operation & Maintenance To minimize bacterial 
growth, sludge accumulation and unpleasant odours, 
jerrycans should be frequently washed. Because of 
safety concerns and transportation difficulties, no oth-
er liquids (such as blackwater or greywater) should be 
transported in jerrycans.
Pros & Cons
+  Jerrycans are widely available and robust
+  Very low capital and operating costs
+  Potential for local job creation and income  
generation
+  Easy to clean and reusable
+  Low risk of pathogen transmission
-  Heavy to carry
-  Spills may happen
-  Mild to strong odour when filling and emptying jerry-
cans (depending on storage conditions) 
References & Further Reading  
_	von	Münch,	E.	and	Winker,	M.	(2011).	Technology Review 
of Urine Diversion Components. Overview of Urine Diversion 
Components Such as Waterless Urinals, Urine Diversion 
Toilets, Urine Storage and Reuse Systems.	Gesellschaft	für	
Internationale	Zusammenarbeit	(GIZ)	GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library
_	Richert,	A.,	Gensch,	R.,	Jönsson,	H.,	Stenström,	T.	A.,	and	
Dagerskog,	L.	(2010).	Practical Guidance on the Use of Urine 
in Crop Production.	EcoSanRes,	Stockholm	Environment	
Institute,	Stockholm,	SE.	
Available	at:	www.susana.org/library
_	Rieck,	C.,	von	Münch,	E.	and	Hoffmann,	H.	(2012).	Technol-
ogy Review of Urine-Diverting Dry Toilets (UDDTs). Overview 
of Design, Operation, Management and Costs. Deutsche	
Gesellschaft	für	Internationale	Zusammenarbeit	(GIZ)	
GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library	
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 4: Excreta and Greywater Use 
in Agriculture.	World	Health	Organization,	Geneva,	CH.		
Available	at:	www.who.int
C.1
C
o
m
p
e
n
d
iu
m
 o
f 
S
an
it
at
io
n
 S
y
st
e
m
s 
an
d
 T
e
ch
n
o
lo
g
ie
s
F
u
n
ct
io
n
al
 G
ro
u
p
 C
: C
o
nv
ey
an
ce
8
6
Human-Powered Emptying and Transport
Inputs/Outputs:   
 Sludge    Dried Faeces   
 Compost    Pit Humus 
C2: HUMAN-POWERED EMPTYING AND TRANSPORT 
facemask
gloves
overall
boots
Applicable to:
Systems 1-4, 6, 7
Human-powered emptying and transport refers to 
the different ways by which people can manually 
empty and/or transport sludge and solid products 
generated in onsite sanitation facilities.
Human-powered emptying of pits, vaults and tanks can 
be done in one of two ways:
1)  using buckets and shovels, or
2)  using a portable, manually operated pump specially 
designed for sludge (e.g., the Gulper, the Rammer, 
the MDHP or the MAPET).
Some sanitation technologies can only be emptied man-
ually, for example, the Fossa Alterna (S.5) or Dehydra-
tion Vaults (S.7). These technologies must be emptied 
with a shovel because the material is solid and cannot 
be removed with a vacuum or a pump. 
When sludge is viscous or watery it should be emp-
tied with a hand pump or a vacuum truck, and not with 
buckets because of the high risk of collapsing pits, toxic 
fumes, and exposure to unsanitized sludge. 
Manual sludge pumps are relatively new inventions and 
have shown promise as being low-cost, effective solutions 
for sludge emptying where, because of access, safety or 
economics, other emptying techniques are not possible.
Design Considerations Sludge hand pumps, such 
as the Gulper, work on the same concept as water hand 
pumps: the bottom of the pipe is lowered into the pit/
tank while the operator remains at the surface. As 
the operator pushes and pulls the handle, the sludge 
is pumped up and is then discharged through the dis-
charge spout. The sludge can be collected in barrels, 
bags or carts, and removed from the site with little dan-
ger to the operator. Hand pumps can be locally made 
with steel rods and valves in a PVC casing.
A MAPET (MAnual Pit Emptying Technology) consists 
of a manually operated pump connected to a vacuum 
tank mounted on a pushcart. A hose is connected to the 
tank and is used to suck sludge from the pit. When the 
wheel of the hand pump is turned, air is sucked out of 
the vacuum tank and sludge is sucked up into the tank. 
Depending on the consistency of the sludge, the MAPET 
can pump up to a height of 3 m.
Appropriateness Hand pumps can be used for liq-
uid and, to a certain degree, viscous sludge. Domestic 
refuse in the pit makes emptying much more difficult. 
The pumping of sludge, which contains coarse solid 
wastes or grease, can lead to clogging of the device, and 
C.2
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public



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C.2
chemical additives can corrode pipes, pumps and tanks.
The hand pump is a significant improvement over the 
bucket method and could prove to be a sustainable 
business opportunity in some regions. Manually operat-
ed sludge pumps are appropriate for areas that are not 
served or not accessible by vacuum trucks, or where 
vacuum truck emptying is too costly. They are well suit-
ed to dense, urban and informal settlements, although 
the type and size of transport vehicle determines the 
feasible distance to the discharge point. Large vehicles 
may not be able to manoeuvre within narrow streets 
and alleys, while smaller vehicles may not be able to 
travel long distances. These technologies are more fea-
sible when there is a Transfer Station (C.7) nearby.
Health Aspects/Acceptance Depending on cul-
tural factors and political support, workers dealing 
with manual emptying may be viewed as providing an 
important service to the community. Government-run 
programmes should strive to legitimize the work of the 
labourers and create an enabling environment by pro-
viding permits and licences, as well as helping to legal-
ize the practice of emptying latrines manually.
The most important aspect of manual emptying is 
ensuring that workers are adequately protected with 
gloves, boots, overalls and facemasks. Regular medical 
exams and vaccinations should be required for every-
one working with sludge.
Operation & Maintenance It is a common practice 
to add chemicals or oil during the pit emptying process 
to avoid odours. This is not recommended, however, 
because it causes difficulties in the subsequent treatment 
units, as well as additional health threats to the workers. 
If manual access to the contents of a pit requires demol-
ishing the slab, it may be more cost-effective to use a 
manual sludge pump to empty the latrine. However, 
hand pumps cannot empty the entire pit and, therefore, 
emptying may be required more frequently (once a year). 
Manually operated sludge pumps require daily mainte-
nance (cleaning, repairing and disinfection). Workers 
who manually empty latrines should clean and maintain 
their protective clothing and tools to prevent contact 
with the sludge.
Pros & Cons
+  Potential for local job creation and income genera-
tion
+  Simple hand pumps can be built and repaired with 
locally available materials
+  Low capital costs; variable operating costs depend-
ing on transport distance 
+  Provides services to areas/communities without 
sewers
-  Spills can happen which could pose potential health 
risks and generate offensive smells
-  Time consuming: emptying pits out can take several 
hours/days depending on their size 
-  Garbage in pits may block pipe
-  Some devices may require specialized repair (welding)
References & Further Reading 
_	Eales,	K.	(2005).	Bringing Pit Emptying out of the Darkness: 
A Comparison of Approaches in Durban, South Africa, and 
Kibera, Kenya.	Building	Partnerships	for	Development	in	
Water	and	Sanitation,	London,	UK.	
Available	at:	www.bpdws.org	
(A	comparison	of	two	manual	emptying	projects)
_	Ideas	at	Work	(2007).	The ‘Gulper’ – a Manual Latrine/Drain 
Pit Pump. Ideas	at	Work,	Phnom	Penh,	KH.	
Available	at:	www.ideas-at-work.org	
(Case	study	about	a	test	of	the	Gulper	by	informal	service	
providers)
_	Muller,	M.	and	Rijnsburger,	J.	(1994).	MAPET.	Manual 
Pit-latrine Emptying Technology Project. Development and 
Pilot Implementation of a Neighbourhood Based Pit Emptying 
Service with Locally Manufactured Handpump Equipment in 
Dar es Salaam, Tanzania.	1988–1992.	WASTE	Consultants,	
Gouda,	NL.	
Available	at:	www.washdoc.info
_	Oxfam	(2008).	Manual Desludging Hand Pump (MDHP) 
Resources. Oxfam	GB,	Oxford,	UK.		
Available	at:	www.desludging.org	
(Manual	for	the	MDHP)
_	Pickford,	J.	and	Shaw,	R.	(1997).	Technical Brief No. 54: 
Emptying Pit Latrines. WEDC,	Loughborough	University,	
Leicestershire,	UK.	
Available	at:	www.lboro.ac.uk/well
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C3: MOTORIZED EMPTYING AND TRANSPORT  
sludge
Motorized emptying and transport refers to a vehi-
cle equipped with a motorized pump and a storage 
tank for emptying and transporting faecal sludge 
and urine. Humans are required to operate the 
pump and manoeuvre the hose, but sludge is not 
manually lifted or transported.
A truck is fitted with a pump which is connected to a 
hose that is lowered down into a tank (e.g., Septic Tank, 
S.9) or pit, and the sludge is pumped up into the holding 
tank on the vehicle. This type of design is often referred 
to as a vacuum truck.  
Alternative motorized vehicles or machines have been 
developed for densely populated areas with limited 
access. Designs such as the Vacutug, Dung Beetle, Mol-
sta or Kedoteng carry a small sludge tank and a pump 
and can negotiate narrow pathways.
Design Considerations Generally, the storage 
capacity of a vacuum truck is between 3 and 12 m3. Local 
trucks are commonly adapted for sludge transport by 
equipping them with holding tanks and pumps. Modified 
pick-ups and tractor trailers can transport around 1.5 m3, 
but capacities vary. Smaller vehicles for densely populat-
ed areas have capacities of 500 to 800 L. These vehicles 
use, for example, two-wheel tractor or motorcycle based 
drives and can reach speeds of up to 12 km/h.
Pumps can usually only suck down to a depth of 2 to 3 
m (depending on the strength of the pump) and must be 
located within 30 m of the pit. In general, the closer the 
vacuum pump can be to the pit, the easier it is to empty.
Appropriateness Depending on the Collection and 
Storage technology, the sludge can be so dense that it 
cannot be easily pumped. In these situations it is neces-
sary to thin the solids with water so that they flow more 
easily, but this may be inefficient and costly. Garbage 
and sand make emptying much more difficult and clog 
the pipe or pump. Multiple truckloads may be required 
for large Septic Tanks.
Although large vacuum trucks cannot access areas with 
narrow or non-driveable roads, they remain the norm 
for municipalities and sanitation authorities. These 
trucks can rarely make trips to remote areas (e.g., in 
the periphery of a city) since the income generated may 
not offset the cost of fuel and time. Therefore, the treat-
ment site must be within reach from the serviced areas. 
Transfer Stations (C.7) and adequate treatment are also 
Motorized Emptying and Transport
Inputs/Outputs:   
 Sludge    Blackwater   
 Effluent    Urine    Stored Urine
Applicable to:
Systems 1, 4-7, 9C.3
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public


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crucial for service providers using small-scale motorized 
equipment. Field experiences have shown that the exist-
ing designs for dense urban areas are limited in terms of 
their emptying effectiveness and travel speed, and their 
ability to negotiate slopes, poor roads and very narrow 
lanes. Moreover, demand and market constraints have 
prevented them from becoming commercially viable. 
Under favourable circumstances, small vehicles like the 
Vacutug are able to recover the operating and mainte-
nance costs. However, the capital costs are still too high 
to sustainably run a profitable business.
Both the sanitation authority and private entrepreneurs 
may operate vacuum trucks, although the price and lev-
el of service may vary significantly. Private operators 
may charge less than public ones, but may only afford 
to do so if they do not discharge the sludge at a cer-
tified facility. Private and municipal service providers 
should work together to cover the whole faecal sludge 
management chain.
Health Aspects/Acceptance The use of a vacuum 
truck presents a significant health improvement over 
manual emptying and helps to maintain the Collection 
and Storage technology. Still, truck operators are not 
always accepted by the community and may face diffi-
culties with finding appropriate locations to dump the 
collected sludge.
Operation & Maintenance Most pump trucks are 
manufactured in North America, Asia or Europe. Thus, 
in some regions it is difficult to locate spare parts and a 
mechanic to repair broken pumps or trucks. New trucks 
are very expensive and sometimes difficult to obtain. 
Therefore, older trucks are often used, but the savings 
are offset by the resulting high maintenance and fuel 
costs that can account for more than two thirds of the 
total costs incurred by a truck operator. Truck owners 
must be conscientious to save money for the purchase 
of expensive replacement parts, tires and equipment. 
The lack of preventive maintenance is often the cause 
for major repairs.
The addition of chemical additives for desludging is 
not recommended because they tend to corrode the 
sludge tank.
Pros & Cons
+  Fast, hygienic and generally effective sludge removal
+  Efficient transport possible with large vacuum trucks 
+  Potential for local job creation and income genera-
tion
+  Provides an essential service to unsewered areas
-  Cannot pump thick, dried sludge (must be thinned 
with water or manually removed)
-  Garbage in pits may block hose
-  Cannot completely empty deep pits due to limited 
suction lift
-  Very high capital costs; variable operating costs 
depending on use and maintenance
-  Hiring a vacuum truck may be unaffordable for poor 
households
-  Not all parts and materials may be locally available
-  May have difficulties with access
References & Further Reading 
_	Boesch,	A.	and	Schertenleib,	R.	(1985).	Pit Emptying on-Site 
Excreta Disposal Systems. Field Tests with Mechanized 
Equipment in Gaborone (Botswana). International	Reference	
Centre	for	Waste	Disposal,	Dübendorf,	CH.		
Available	at:	www.sandec.ch	
(Comprehensive	summary	of	technical	components,	perfor-
mance	with	different	sludge	types,	and	maintenance)
_	Chowdhry,	S.	and	Koné,	D.	(2012). Business Analysis of 
Fecal Sludge Management: Emptying and Transportation 
Services in Africa and Asia. Bill	&	Melinda	Gates	Foundation,	
Seattle,	US.	
Available	at:	www.susana.org/library
_	O’Riordan,	M.	(2009).	Investigation into Methods of Pit 
Latrine Emptying. Management of Sludge Accumulation in VIP 
Latrines.	WRC	Project	1745,	Water	Research	Commission,	
Pretoria,	ZA.	
Available	at:	www.susana.org/library	
(Includes	a	detailed	analysis	of	field	experiences	with	the	
Vacutug)
_	Strande,	L.,	Ronteltap,	M.	and	Brdjanovic,	D.	(Eds.)	(2014).	
Faecal Sludge Management. Systems Approach for Imple-
mentation and Operation.	IWA	Publishing,	London,	UK.	
Available	at:	www.sandec.ch	
(Detailed	book	compiling	the	current	state	of	knowledge	on	
all	aspects	related	to	FSM)
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C4: SIMPLIFIED SEWERS  
inspection chamber
A simplified sewer describes a sewerage network 
that is constructed using smaller diameter pipes 
laid at a shallower depth and at a flatter gradient 
than Conventional Sewers (C.6). The simplified sew-
er allows for a more flexible design at lower costs.
Conceptually, simplified sewerage is the same as Con-
ventional Gravity Sewerage, but without unnecessarily 
conservative design standards and with design features 
that are better adapted to the local situation. The pipes 
are usually laid within the property boundaries, through 
either the back or front yards, rather than beneath 
the central road, allowing for fewer and shorter pipes. 
Because simplified sewers are typically installed with-
in the condominium, they are often referred to as con-
dominial sewers. The pipes can also be routed in access 
ways, which are too narrow for heavy traffic, or under-
neath pavements (sidewalks). Since simplified sewers 
are installed where they are not subjected to heavy traf-
fic loads, they can be laid at a shallow depth and little 
excavation is required.
Design Considerations In contrast to Conven-
tional Sewers that are designed to ensure a minimum 
self-cleansing velocity, the design of simplified sewers 
is based on a minimum tractive tension of 1 N/m2 (1 Pa) 
at peak flow. The minimum peak flow should be 1.5 L/s 
and a minimum sewer diameter of 100 mm is required. 
A gradient of 0.5% is usually sufficient. For example, a 
100 mm sewer laid at a gradient of 1 m in 200 m will 
serve around 2,800 users with a wastewater flow of 60 
L/person/day.
PVC pipes are recommended to use. The depth at which 
they should be laid depends mainly on the amount of 
traffic. Below sidewalks, covers of 40 to 65 cm are typ-
ical. The simplified design can also be applied to sewer 
mains; they can also be laid at a shallow depth, provided 
that they are placed away from traffic.
Expensive manholes are normally not needed. At each 
junction or change in direction, simple inspection cham-
bers (or cleanouts) are sufficient. Inspection boxes are 
also used at each house connection. Where kitchen 
greywater contains an appreciable amount of oil and 
grease, the installation of grease traps (see PRE, p. 100) 
is recommended to prevent clogging.
Greywater should be discharged into the sewer to 
ensure adequate hydraulic loading, but stormwater con-
nections should be discouraged. However, in practice 
Simplified Sewer
Inputs/Outputs:   
 Blackwater    Brownwater   
 Greywater    Effluent 
Applicable to:
Systems 7-9C.4
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public



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it is difficult to exclude all stormwater flows, especially 
where there is no alternative for storm drainage. The 
design of the sewers (and treatment plant) should, 
therefore, take into account the extra flow that may 
result from stormwater inflow.
Appropriateness Simplified sewers can be installed 
in almost all types of settlements and are especially 
appropriate for dense urban areas where space for ons-
ite technologies is limited. They should be considered 
as an option where there is a sufficient population den-
sity (about 150 people per hectare) and a reliable water 
supply (at least 60 L/person/day).
Where the ground is rocky or the groundwater table 
high, excavation may be difficult. Under these circum-
stances, the cost of installing sewers is significantly 
higher than in favourable conditions. Regardless, sim-
plified sewerage is between 20 and 50% less expensive 
than Conventional Sewerage.
Health Aspects/Acceptance If well constructed 
and maintained, sewers are a safe and hygienic means 
of transporting wastewater. Users must be well trained 
regarding the health risks associated with removing 
blockages and maintaining inspection chambers.
Operation & Maintenance Trained and responsi-
ble users are essential to ensure that the flow is undis-
turbed and to avoid clogging by trash and other solids. 
Occasional flushing of the pipes is recommended to 
insure against blockages. Blockages can usually be 
removed by opening the cleanouts and forcing a rigid 
wire through the pipe. Inspection chambers must be 
periodically emptied to prevent grit overflowing into the 
system. The operation of the system depends on clearly 
defined responsibilities between the sewerage authority 
and the community. Ideally, households will be respon-
sible for the maintenance of pre-treatment units and the 
condominial part of the sewer. However, in practice this 
may not be feasible because users may not detect prob-
lems before they become severe and costly to repair. 
Alternatively, a private contractor or users committee 
can be hired to do the maintenance.
Pros & Cons
+  Can be laid at a shallower depth and flatter gradient 
than Conventional Sewers
+  Lower capital costs than Conventional Sewers; low 
operating costs
+  Can be extended as a community grows
+  Greywater can be managed concurrently
+  Does not require onsite primary treatment units
-  Requires repairs and removals of blockages more 
frequently than a Conventional Gravity Sewer
-  Requires expert design and construction
-  Leakages pose a risk of wastewater exfiltration and 
groundwater infiltration and are difficult to identify
References & Further Reading 
_	Bakalian,	A.,	Wright,	A.,	Otis,	R.	and	Azevedo	Netto,	J.	
(1994).	Simplified Sewerage: Design Guidelines.	UNDP-World	
Bank	Water	and	Sanitation	Program,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home	
(Design	guidelines	for	manual	calculations)
_	Mara,	D.	D.	(1996a).	Low-Cost Sewerage.	Wiley,	Chichester,	UK.	
(Assessment	of	different	low-cost	systems	and	case		
studies)
_	Mara,	D.	D.	(1996b).	Low-Cost Urban Sanitation.	Wiley,	
Chichester,	UK.	pp.	109-139.	
(Comprehensive	summary	including	design	examples)
_	Mara,	D.	D.	(2005).	Sanitation for All in Periurban Areas? 
Only If We Use Simplified Sewerage.	Water	Science	&	Tech-
nology:	Water	Supply	5	(6):	57-65.	
(An	article	summarizing	the	technology	and	its	potential	role	
in	urban	sanitation)
_	Mara,	D.	D.,	Sleigh,	A.	and	Tayler,	K.	(2001).	PC-Based 
Simplified Sewer Design.	University	of	Leeds,	Leeds,	UK.	
Available	at:	www.efm.leeds.ac.uk/CIVE/Sewerage/	
(Comprehensive	coverage	of	theory	and	design	including	a	
program	to	be	used	as	a	design	aid)
_	Watson,	G.	(1995). Good Sewers Cheap? Agency-Customer 
Interactions in Low-Cost Urban Sanitation in Brazil. Water	and	
Sanitation	Division,	The	World	Bank,	Washington,	D.C.,	US.	
Available	at:	www.wsp.org	
(A	summary	of	large-scale	projects	in	Brazil)
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C5: SETTLED (SOLIDS FREE) SEWER 
septic tank 
A solids-free sewer is a network of small-diameter 
pipes that transports pre-treated and solids-free 
wastewater (such as Septic Tank effluent). It can be 
installed at a shallow depth and does not require a 
minimum wastewater flow or slope to function.
Solids-free sewers are also referred to as settled, small-
bore, variable-grade gravity, or septic tank effluent 
gravity sewers. A precondition for solids-free sewers 
is efficient primary treatment at the household level. 
An interceptor, typically a single-chamber Septic Tank 
(S.9), captures settleable particles that could clog small 
pipes. The solids interceptor also functions to attenuate 
peak discharges. Because there is little risk of deposi-
tions and clogging, solids-free sewers do not have to be 
self-cleansing, i.e., no minimum flow velocity or tractive 
tension is needed. They require few inspection points, 
can have inflective gradients (i.e., negative slopes) and 
follow the topography. When the sewer roughly follows 
the ground contours, the flow is allowed to vary between 
open channel and pressure (full-bore) flow. 
Design Considerations If the interceptors are 
correctly designed and operated, this type of sewer 
does not require self-cleansing velocities or minimum 
slopes. Even inflective gradients are possible, as long 
as the downstream end of the sewer is lower than the 
upstream end. In sections where there is pressure flow, 
the water level in any interceptor tank must be higher 
than the hydraulic head within the sewer, otherwise the 
liquid will flow back into the tank. At high points in sec-
tions with pressure flow, the pipes must be ventilated. 
Solids-free sewers do not have to be installed on a uni-
form gradient with a straight alignment between inspec-
tion points. The alignment may curve to avoid obstacles, 
allowing for greater construction tolerance. A minimum 
diameter of 75 mm is required to facilitate cleaning.
Expensive manholes are not needed because access 
for mechanical cleaning equipment is not necessary. 
Cleanouts or flushing points are sufficient and are 
installed at upstream ends, high points, intersec-
tions, or major changes in direction or pipe size. 
Compared to manholes, cleanouts can be more 
tightly sealed to prevent stormwater from entering. 
Stormwater must be excluded as it could exceed 
pipe capacity and lead to blockages due to grit dep-
ositions. Ideally, there should not be any storm- and 
groundwater in the sewers, but, in practice, some 
Solids-Free Sewer
Inputs/Outputs:   
 Effluent 
Applicable to:
System 7C.5
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public



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imperfectly sealed pipe joints must be expected. 
Estimates of groundwater infiltration and stormwa-
ter inflow must, therefore, be made when designing 
the system. The use of PVC pipes can minimize the 
risk of leakages.
Appropriateness This type of sewer is best suited 
to medium-density (peri-)urban areas and less appropri-
ate in low-density or rural settings. It is most appropri-
ate where there is no space for a Leach Field (D.8), or 
where effluents cannot otherwise be disposed of onsite 
(e.g., due to low infiltration capacity or high groundwa-
ter). It is also suitable where there is undulating terrain 
or rocky soil. A solids-free sewer can be connected 
to existing Septic Tanks where infiltration is no longer 
appropriate (e.g., due to increased housing density 
and/or water use).
As opposed to a Simplified Sewer (C.4) a solids-free 
sewer can also be used where domestic water con-
sumption is limited.
This technology is a flexible option that can be easily 
extended as the population grows. Because of shallow 
excavations and the use of fewer materials, it can be 
built at considerably lower cost than a Conventional 
Sewer (C.6).
Health Aspects/Acceptance If well constructed 
and maintained, sewers are a safe and hygienic means 
of transporting wastewater. Users must be well trained 
regarding the health risks associated with removing 
blockages and maintaining interceptor tanks.
Operation & Maintenance Trained and responsi-
ble users are essential to avoid clogging by trash and 
other solids. Regular desludging of the Septic Tanks is 
critical to ensure optimal performance of the sewer. 
Periodic flushing of the pipes is recommended to insure 
against blockages.
Special precautions should be taken to prevent illegal 
connections, since it is likely that interceptors would not 
be installed and solids would enter the system.
The sewerage authority, a private contractor or users 
committee should be responsible for the management 
of the system, particularly, to ensure that the inter-
ceptors are regularly desludged and to prevent illegal 
connections.
Pros & Cons
+  Does not require a minimum gradient or flow velocity 
+  Can be used where water supply is limited
+  Lower capital costs than conventional gravity sew-
ers; low operating costs
+  Can be extended as a community grows
+  Greywater can be managed concurrently
-  Space for interceptors is required
-  Interceptors require regular desludging to prevent 
clogging
-  Requires training and acceptance to be used correctly
-  Requires repairs and removals of blockages more 
frequently than a conventional gravity sewer
-  Requires expert design and construction
-  Leakages pose a risk of wastewater exfiltration and 
groundwater infiltration and are difficult to identify
References & Further Reading 
_	Azevedo	Netto,	J.	and	Reid,	R.	(1992). Innovative and Low-
Cost Technologies Utilized in Sewerage.	Technical	Series	No.	
29,	Environmental	Health	Program,	Pan	American	Health	
Organization,	Washington,	D.C.,	US.	
(A	short	summary	and	component	diagrams	–	Chapter	5)
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems.	WCB/McGraw-
Hill,	New	York,	US.	pp.	355-364.	
(A	short	summary	of	design	and	construction	considera-
tions)
_	Mara,	D.	D.	(1996a).	Low-Cost Sewerage.	Wiley,	Chichester,	UK.	
(Assessment	of	different	low-cost	systems	and	case	studies)
_	Mara,	D.	D.	(1996b).	Low-Cost Urban Sanitation. Wiley,	
Chichester,	UK.	pp.	93-108.	
(Comprehensive	summary	including	design	examples)
_	Otis,	R.	J.	and	Mara,	D.	D.	(1985).	The Design of Small Bore 
Sewer Systems.	UNDP	Interregional	Project	INT/81/047,	
The	World	Bank	and	UNDP,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home	
(Comprehensive	summary	of	design,	installation	and	main-
tenance)
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C6: CONVENTIONAL GRAVITY SEWER 
manhole
sewer main
Conventional gravity sewers are large networks of 
underground pipes that convey blackwater, greywa-
ter and, in many cases, stormwater from individual 
households to a (Semi-) Centralized Treatment facil-
ity, using gravity (and pumps when necessary).
The conventional gravity sewer system is designed with 
many branches. Typically, the network is subdivided into 
primary (main sewer lines along main roads), secondary 
and tertiary networks (networks at the neighbourhood 
and household level).
Design Considerations Conventional gravity sew-
ers normally do not require onsite pre-treatment, pri-
mary treatment or storage of the household wastewater 
before it is discharged. The sewer must be designed, 
however, so that it maintains self-cleansing velocity 
(i.e., a flow that will not allow particles to accumulate). 
For typical sewer diameters, a minimum velocity of 0.6 
to 0.7 m/s during peak dry weather conditions should 
be adopted. A constant downhill gradient must be 
guaranteed along the length of the sewer to maintain 
self-cleansing flows, which can require deep excava-
tions. When a downhill grade cannot be maintained, a 
pumping station must be installed. Primary sewers are 
laid beneath roads, at depths of 1.5 to 3 m to avoid dam-
ages caused by traffic loads. The depth also depends 
on the groundwater table, the lowest point to be served 
(e.g., a basement) and the topography. The selection of 
the pipe diameter depends on the projected average 
and peak flows. Commonly used materials are concrete, 
PVC, and ductile or cast iron pipes.
Access manholes are placed at set intervals above the 
sewer, at pipe intersections and at changes in pipeline 
direction (vertically and horizontally). Manholes should 
be designed such that they do not become a source of 
stormwater inflow or groundwater infiltration. 
In the case that connected users discharge highly pol-
luted wastewater (e.g., industry or restaurants), onsite 
pre- and primary treatment may be required before dis-
charge into the sewer system to reduce the risk of clog-
ging and the load of the wastewater treatment plant.
When the sewer also carries stormwater (known as a 
combined sewer), sewer overflows are required to avoid 
hydraulic surcharge of treatment plants during rain 
events. However, combined sewers should no longer be 
considered state of the art. Rather, local retention and 
infiltration of stormwater or a separate drainage system 
Conventional Gravity Sewer
Inputs/Outputs:   
 Blackwater    Brownwater   
 Greywater   (  Stormwater)
Applicable to:
Systems 8, 9C.6
Application Level:
 Household
 Neighbourhood
 ity
Management Level:
 Household
 Shared
 Public


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for rainwater are recommended. The wastewater treat-
ment system then requires smaller dimensions and is, 
therefore, cheaper to build, and there is a higher treat-
ment efficiency for less diluted wastewater.
Appropriateness Because they can be designed to 
carry large volumes, conventional gravity sewers are 
very appropriate to transport wastewater to a (Semi-) 
Centralized Treatment facility. Planning, construction, 
operation and maintenance require expert knowledge. 
Construction of conventional sewer systems in dense, 
urban areas is complicated because it disrupts urban 
activities and traffic. Conventional gravity sewers are 
expensive to build and, because the installation of a 
sewer line is disruptive and requires extensive coordina-
tion between authorities, construction companies and 
property owners, a professional management system 
must be in place. 
Ground shifting may cause cracks in manhole walls or 
pipe joints, which may become a source of groundwater 
infiltration or wastewater exfiltration, and compromise 
the performance of the sewer.
Conventional gravity sewers can be constructed in cold 
climates as they are dug deep into the ground and the 
large and constant water flow resists freezing.
Health Aspects/Acceptance If well constructed 
and maintained, sewers are a safe and hygienic means 
of transporting wastewater. This technology provides a 
high level of hygiene and comfort for the user. Howev-
er, because the waste is conveyed to an offsite location 
for treatment, the ultimate health and environmental 
impacts are determined by the treatment provided by 
the downstream facility.
Operation & Maintenance Manholes are used for 
routine inspection and sewer cleaning. Debris (e.g., grit, 
sticks or rags) may accumulate in the manholes and 
block the lines. To avoid clogging caused by grease, it 
is important to inform the users about proper oil and 
grease disposal. Common cleaning methods for conven-
tional gravity sewers include rodding, flushing, jetting 
and bailing. Sewers can be dangerous because of toxic 
gases and should be maintained only by professionals, 
although, in well-organised communities, the mainte-
nance of tertiary networks might be handed over to a 
well-trained group of community members. Proper pro-
tection should always be used when entering a sewer.
Pros & Cons
+  Less maintenance compared to Simplified and  
Solids-Free Sewers
+  Greywater and possibly stormwater can be managed 
concurrently
+  Can handle grit and other solids, as well as large 
volumes of flow
-  Very high capital costs; high operation and mainte-
nance costs
-  A minimum velocity must be maintained to prevent 
the deposition of solids in the sewer
-  Requires deep excavations
-  Difficult and costly to extend as a community chang-
es and grows
-  Requires expert design, construction and mainte-
nance
-  Leakages pose a risk of wastewater exfiltration and 
groundwater infiltration and are difficult to identify
References & Further Reading 
_	Bizier,	P.	(Ed.)	(2007).	Gravity Sanitary Sewer Design and 
Construction. Second Edition.	ASCE	Manuals	and	Reports	
on	Engineering	Practice	No.	60,	WEF	MOP	No.	FD-5.	Ameri-
can	Society	of	Civil	Engineers,	New	York,	US.	
(A	standard	design	text	used	in	North	America,	although	
local	codes	and	standards	should	be	assessed	before	
choosing	a	design	manual)
_	Tchobanoglous,	G.	(1981).	Wastewater Engineering: Collec-
tion and Pumping of Wastewater.	McGraw-Hill,	New	York,	US.
_	U.S.	EPA	(2002).	Collection Systems Technology Fact Sheet. 
Sewers, Conventional Gravity.	832-F-02-007.	U.S.	Environ-
mental	Protection	Agency,	Washington,	D.C.,	US.		
Available	at:	www.epa.gov	
(Good	description	of	the	technology,	including	more	detailed	
design	criteria	and	information	on	operation	and	mainte-
nance)
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Transfer Station (Underground Holding Tank)
Inputs/Outputs:   
 Sludge 
Applicable to:
Systems 1, 6, 7C.7
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public



C7: TRANSFER STATION  
inlet
outlet
sludge
C8: SEWER DISCHARGE STATION  
pump sewer
inlet
sludge
Transfer stations or underground holding tanks act 
as intermediate dumping points for faecal sludge 
when it cannot be easily transported to a (Semi-) 
Centralized Treatment facility. A vacuum truck is re-
quired to empty transfer stations when they are full.
Operators of Human-Powered or small-scale Motorized 
Sludge Emptying Equipment (see C.2 and C.3) discharge 
the sludge at a local transfer station rather than illegal-
ly dumping it or travelling to discharge it at a remote 
treatment or disposal site. When the transfer station is 
full, a vacuum truck empties the contents and takes the 
sludge to a suitable treatment facility. Municipalities or 
sewerage authorities may charge for permits to dump at 
the transfer station to offset the costs of operating and 
maintaining the facility. 
In urban settings, transfer stations have to be carefully 
located, otherwise odours could become a nuisance, 
especially, if they are not well maintained.
Design Considerations A transfer station consists 
of a parking place for vacuum trucks or sludge carts, 
a connection point for discharge hoses, and a storage 
tank. The dumping point should be built low enough to 
minimize spills when labourers manually empty their 
sludge carts. Additionally, the transfer station should 
include a vent, a trash screen to remove large debris 
(garbage) and a washing facility for vehicles. The hold-
ing tank must be well constructed to prevent leaching 
and/or surface water infiltration.
A variation is the sewer discharge station (SDS), which 
is like a transfer station, but is directly connected to a 
conventional gravity sewer main. Sludge emptied into 
the SDS is released into the sewer main either directly 
or at timed intervals (e.g., by pumping) to optimize the 
performance of the sewer and of the wastewater treat-
ment plant, and/or reduce peak loads.
Transfer stations can be equipped with digital data 
recording devices to track quantity, input type and 
origin, as well as collect data about the individuals 
who dump there. In this way, the operator can collect 
detailed information and more accurately plan and 
adapt to differing loads.
The system for issuing permits or charging access fees 
must be carefully designed so that those who most 
need the service are not excluded because of high 
costs, while still generating enough income to sustaina-
bly operate and maintain the transfer stations.
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C.7
Appropriateness Transfer stations are appropriate 
for dense, urban areas where there are no alternative 
discharge points for faecal sludge. Establishing multi-
ple transfer stations may help to reduce the incidence 
of illegal sludge dumping and promote the emptying 
market. 
Transfer stations are especially adequate where small-
scale sludge emptying takes place. In big cities, they 
can reduce the costs incurred by truck operators by 
decreasing transport distances and waiting times in 
traffic jams. Local service providers can discharge 
sludge at transfer stations during the day, while large 
trucks can empty the tanks and go to the treatment 
plant at night when traffic is light. 
Transfer stations should be located where they are eas-
ily accessible, convenient, and easy to use. Depending 
on their maintenance, odours could become a problem 
to local residents. However, the benefits gained from 
them compared to open-air illegal dumping greatly off-
set any nuisances.
Health Aspects/Acceptance Transfer stations 
have the potential to significantly increase the health of 
a community by providing an inexpensive, local solution 
for faecal sludge disposal. By providing a transfer sta-
tion, independent or small-scale service providers are 
no longer forced to illegally dump sludge, and home-
owners are more motivated to empty their pits. When 
pits are regularly emptied and illegal dumping is mini-
mized, the overall health of a community can be signifi-
cantly improved. The location must be carefully chosen 
to maximize efficiency and minimize odours and prob-
lems to nearby residents.
Operation & Maintenance Screens must be fre-
quently cleaned to ensure a constant flow and prevent 
back-ups. Sand, grit and consolidated sludge must also 
be periodically removed from the holding tank. There 
should be a well-organized system to empty the transfer 
station; if the holding tank fills up and overflows, it is no 
better than an overflowing pit. The pad and loading area 
should be regularly cleaned to minimize odours, flies 
and other vectors from becoming nuisances.
Pros & Cons
+  Makes sludge transport to the treatment plant more 
efficient, especially where small-scale service provid-
ers with slow vehicles are involved
+  May reduce the illegal dumping of faecal sludge
+  Costs can be offset with access permits
+  Potential for local job creation and income genera-
tion
-  Requires expert design and construction
-  Can lead to odours if not properly maintained
References & Further Reading 
_	African	Development	Fund	(2005).	Accra Sewerage 
Improvement Project (ASIP). Appraisal Report.	Infrastructure	
Department	Central	and	West	Regions.	Abidjan,	CI.	
Available	at:	www.afdb.org
_	Boot,	N.	L.	and	Scott,	R.	E.	(2008).	Faecal Sludge in Accra, 
Ghana: Problems of Urban Provision. Proceedings: Sanitation 
Challenge: New Sanitation Concepts and Models of Govern-
ance.	Wageningen,	NL.
_	Chowdhry,	S.	and	Koné,	D.	(2012).	Business Analysis of 
Fecal Sludge Management: Emptying and Transportation 
Services in Africa and Asia.	Bill	&	Melinda	Gates	Foundation,	
Seattle,	US.	
Available	at:	www.susana.org/library
_	Strande,	L.,	Ronteltap,	M.	and	Brdjanovic,	D.	(Eds.)	(2014).	
Faecal Sludge Management. Systems Approach for Imple-
mentation and Operation.	IWA	Publishing,	London,	UK.	
Available	at:	www.sandec.ch
_	U.S.	EPA	(1994).	Guide to Septage Treatment and Disposal. 
EPA/625/R-94/002.	U.S.	Environmental	Protection	Agen-
cy,	Office	of	Research	and	Development,	OH,	US.		
Available	at:	www.epa.gov	
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T
T.1-T.12
Technologies for the treatment of Black-
water, Brownwater, Greywater or Effluent
T.13-T.17
Technologies for the treatment of Sludge
This section describes the treatment technologies generally appropriate 
for large user groups (i.e., from semi-centralized applications at the neigh-
bourhood level to centralized, city level applications). They are designed 
to accommodate increased volumes of flow and provide, in most cases, 
improved removal of nutrients, organics and pathogens, especially when 
compared with small household-level treatment technologies (S). How-
ever, the operation, maintenance, and energy requirements of the tech-
nologies within this functional group are generally higher than for small-
er-scale technologies at the S level. 
The technologies are divided into two groups: T.1-T.12 are primarily for 
the treatment of Blackwater, Brownwater, Greywater or Effluent, where-
as T.13-T.17 are mainly for the treatment of Sludge. Technologies for 
pre-treatment and post-treatment are also described (technology infor-
mation sheets PRE and POST), even though they are not always required.
PRE  Pre-Treatment Technologies
T.1  Settler
T.2  Imhoff Tank
T.3  Anaerobic Baffled Reactor (ABR)
T.4  Anaerobic Filter
T.5  Waste Stabilization Ponds (WSP)
T.6  Aerated Pond
T.7  Free-Water Surface Constructed Wetland
T.8  Horizontal Subsurface Flow Constructed Wetland
T.9  Vertical Flow Constructed Wetland
T.10  Trickling Filter
T.11  Upflow Anaerobic Sludge Blanket Reactor (UASB)
T.12  Activated Sludge
T.13  Sedimentation/Thickening Ponds
T.14  Unplanted Drying Beds
T.15  Planted Drying Beds
T.16  Co-Composting
T.17  Biogas Reactor
POST  Tertiary Filtration and Disinfection
When designing a (Semi-) Centralized Treatment scheme, the engineer must 
create a meaningful combination of these technologies in order to achieve 
the desired overall treatment objective (e.g., a multiple-stage configuration for 
pre-treatment, primary treatment and secondary treatment).
In any given context, the technology choice generally depends on the 
following factors:
• Type and quantity of products to be treated (including future developments)
• Desired output product (end-use and/or legal quality requirements)
• Financial resources
• Local availability of materials
• Availability of space 
• Soil and groundwater characteristics
• Availability of a constant source of electricity
• Skills and capacity (for design and operation)
• Management considerations
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(Semi-) Centralized Treatment T
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Pre-Treatment Technologies 
PRE: Pre-Treatment
fats, oil and grease
fats, oil 
and grease
access cover
outlet
outlet
compressed
air (optional)
inlet
screenings
grit
particle
grit
aerated grit and
grease removal tank
grease trap for
individual applications
screen
inlet
Applicable to:
Systems 1, 6-9
Pre-treatment is the preliminary removal of waste-
water or sludge constituents, such as oil, grease, 
and various solids (e.g., sand, fibres and trash). 
Built before a Conveyance or Treatment technology, 
pre-treatment units can retard the accumulation of 
solids and minimize subsequent blockages. They 
can also help reduce abrasion of mechanical parts 
and extend the life of the sanitation infrastructure.
 
Oil, grease, sand and suspended solids can impair 
transport and/or treatment efficiency through clogging 
and wear. Therefore, prevention and early removal of 
these substances is crucial for the durability of a treat-
ment system. Pre-treatment technologies use physical 
removal mechanisms, such as screening, flotation, set-
tling and filtration.
Behavioural and technical source control measures at 
the household or building level can reduce pollution 
loads and keep pre-treatment requirements low. For 
example, solid waste and cooking oil should be collect-
ed separately and not disposed of in sanitation systems. 
Equipping sinks, showers and the like with appropriate 
screens, filters and water seals can prevent solids from 
entering the system. Sewer inspection chambers should 
always be closed with manhole covers to prevent extra-
neous material from entering the sewer.
Grease Trap The goal of the grease trap is to trap 
oil and grease so that it can be easily collected and 
removed. Grease traps are chambers made out of brick-
work, concrete or plastic, with an odour-tight cover. Baf-
fles or tees at the inlet and outlet prevent turbulence 
at the water surface and separate floating components 
from the effluent. A grease trap can either be located 
directly under the sink, or, for larger amounts of oil and 
grease, a bigger grease interceptor can be installed out-
doors. An under-the-sink grease trap is relatively low 
cost, but must be cleaned frequently (once a week to 
once a month), whereas a larger grease interceptor has 
a higher capital cost, but is designed to be pumped out 
every 6 to 12 months. If designed to be large enough, 
grease traps can also remove grit and other settleable 
solids through sedimentation, similar to Septic Tanks 
(S.9). 
Screen Screening aims to prevent coarse solids, such 
as plastics, rags and other trash, from entering a sew-
PRE
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public






Inputs:    Blackwater   Brownwater 
 Greywater    Sludge 
Outputs:    Blackwater   Brownwater 
 Greywater   Sludge   Pre-Treatment Products
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age system or treatment plant. Solids get trapped by 
inclined screens or bar racks. The spacing between the 
bars usually is 15 to 40 mm, depending on cleaning 
patterns. Screens can be cleaned by hand or mechani-
cally raked. The latter allows for a more frequent solids 
removal and, correspondingly, a smaller design. 
Grit Chamber Where subsequent treatment technol-
ogies could be hindered or damaged by the presence of 
sand, grit chambers (or sand traps) allow for the removal 
of heavy inorganic fractions by settling. There are three 
general types of grit chambers: horizontal-flow, aerated, 
or vortex chambers. All of these designs allow heavy grit 
particles to settle out, while lighter, principally organic 
particles remain in suspension.
Appropriateness Grease traps should be applied 
where considerable amounts of oil and grease are dis-
charged. They can be installed at single households, 
restaurants or industrial sites. Grease removal is espe-
cially important where there is an immediate risk of 
clogging (e.g., a constructed wetland for the treatment 
of greywater).
Screening is essential where solid waste may enter a 
sewer system, as well as at the entrance of treatment 
plants. Trash traps, e.g., mesh boxes, can also be 
applied at strategic locations like market drains.
A grit chamber helps prevent sand deposits and abra-
sion in wastewater treatment plants, particularly, where 
roads are not paved and/or stormwater may enter the 
sewer system.
As laundries release high amounts of fabric fibres and 
particles with their wastewater, they should be equipped 
with lint trap devices.
Health Aspects/Acceptance The removal of sol-
ids and grease from pre-treatment technologies is not 
pleasant and, if households or community members are 
responsible for doing this, it may not be done regularly. 
Hiring professionals to do the removal may be the best 
option though it is costly. The people involved in the 
cleaning may come in contact with pathogens or toxic 
substances; therefore, adequately protecting oneself 
with safety clothes, i.e., boots and gloves, is essential.
Operation & Maintenance All pre-treatment facili-
ties must be regularly monitored and cleaned to ensure 
proper functioning. If the maintenance frequency is too 
low, strong odours can result from the degradation of 
the accumulated material. Insufficiently maintained 
pre-treatment units can eventually lead to the failure of 
downstream elements of a sanitation system. 
The pre-treatment products should be disposed of as 
solid waste in an environmentally sound way. In the 
case of grease, it may be used for energy production 
(e.g., biodiesel or co-digestion), or recycled for re-use.
Pros & Cons
+  Relatively low capital and operating costs
+ Reduced risk of impairing subsequent Conveyance 
and/or Treatment technologies
+ Higher lifetime and durability of sanitation hardware
- Frequent maintenance required
- The removal of solids and grease is not pleasant
 
References & Further Reading
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_	Morel,	A.	and	Diener,	S.	(2006).	Greywater Management in 
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Settler 
scum
extracted sludge
TX SETTLER DRAWING 2
sludge
inlet outlet
sedimentation zone
Applicable to:
Systems 1, 6-9
A settler is a primary treatment technology for 
wastewater; it is designed to remove suspended sol-
ids by sedimentation. It may also be referred to as 
a sedimentation or settling basin/tank, or clarifier. 
The low flow velocity in a settler allows settleable 
particles to sink to the bottom, while constituents 
lighter than water float to the surface.
Sedimentation is also used for the removal of grit (see 
PRE, p. 100), for secondary clarification in Activated 
Sludge treatment (see T.12), after chemical coagula-
tion/precipitation, or for sludge thickening. This tech-
nology information sheet discusses the use of settlers 
as primary clarifiers, which are typically installed after a 
pre-treatment technology.
Settlers can achieve a significant initial reduction 
in suspended solids (50-70% removal) and organic 
material (20-40% BOD removal) and ensure that these 
constituents do not impair subsequent treatment pro-
cesses.
Settlers may take a variety of forms, sometimes ful-
filling additional functions. They can be independent 
tanks or integrated into combined treatment units. 
Several other technologies in this Compendium have a 
primary sedimentation function or include a compart-
ment for primary settling:
• the Septic Tank (S.9), where the low sludge removal 
frequency leads to anaerobic degradation of the 
sludge.
• the Anaerobic Baffled Reactor (S.10/T.3) and the 
Anaerobic Filter (S.11/T.4) both usually include a set-
tler as the first compartment. However, the settler may 
also be built separately, e.g., in municipal treatment 
plants or in the case of prefabricated, modular units.
• the Biogas Reactor (S.12/T.17), which can be con-
sidered as a settler designed for anaerobic digestion 
and biogas production.
• the Imhoff Tank (T.2) and the Upflow Anaerobic 
Sludge Blanket Reactor (UASB, T.11), designed for 
the digestion of the settled sludge, prevent gases or 
sludge particles in the lower section from entering/
returning to the upper section.
• the Waste Stabilization Ponds (WSP, T.5), of which 
the first anaerobic pond is for settling
• the Sedimentation/Thickening Ponds (T.13), which are 
designed for the solid-liquid separation of faecal sludge
• the Solids-Free Sewer (C.5), which includes intercep-
tor tanks at the building level.
T.1
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public




Inputs:    Blackwater    Brownwater 
 Greywater 
Outputs:    Effluent    Sludge
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Design Considerations The main purpose of a set-
tler is to facilitate sedimentation by reducing the veloci-
ty and turbulence of the wastewater stream. Settlers are 
circular or rectangular tanks that are typically designed 
for a hydraulic retention time of 1.5-2.5 h. Less time is 
needed if the BOD level should not be too low for the fol-
lowing biological step. The tank should be designed to 
ensure satisfactory performance at peak flow. In order 
to prevent eddy currents and short-circuiting, as well as 
to retain scum inside the basin, a good inlet and outlet 
construction with an efficient distribution and collection 
system (baffles, weirs or T-shaped pipes) is important. 
Depending on the design, desludging can be done 
using a hand pump, airlift, vacuum pump, or by gravity 
using a bottom outlet. Large primary clarifiers are often 
equipped with mechanical collectors that continually 
scrape the settled solids towards a sludge hopper in 
the base of the tank, from where it is pumped to sludge 
treatment facilities. A sufficiently sloped tank bottom 
facilitates sludge removal. Scum removal can also be 
done either manually or by a collection mechanism.
The efficiency of the primary settler depends on fac-
tors like wastewater characteristics, retention time and 
sludge withdrawal rate. It may be reduced by wind-in-
duced circulation, thermal convection and density 
currents due to temperature differentials, and, in hot 
climates, thermal stratification. These phenomena can 
lead to short-circuiting.
Several possibilities exist to enhance the performance 
of settlers. Examples include the installation of inclined 
plates (lamellae) and tubes, which increase the settling 
area, or the use of chemical coagulants. 
Appropriateness The choice of a technology to set-
tle the solids is governed by the size and type of the 
installation, the wastewater strength, the management 
capacities and the desirability of an anaerobic process, 
with or without biogas production.
Technologies that already include some type of primary 
sedimentation (listed above) do not need a separate set-
tler. Many treatment technologies, however, require pre-
liminary removal of solids in order to function properly. 
Although the installation of a primary sedimentation 
tank is often omitted in small activated sludge plants, 
it is of particular importance for technologies that use 
a filter material. Settlers can also be installed as storm-
water retention tanks to remove a portion of the organ-
ic solids that otherwise would be directly discharged 
into the environment.
Health Aspects/Acceptance To prevent the release 
of odorous gases, frequent sludge removal is necessary. 
Sludge and scum must be handled with care as they con-
tain high levels of pathogenic organisms; they require 
further treatment and adequate disposal. Appropriate 
protective clothing is necessary for workers who may 
come in contact with the effluent, scum or sludge.
Operation & Maintenance In settlers that are 
not designed for anaerobic processes, regular sludge 
removal is necessary to prevent septic conditions and 
the build-up and release of gas which can hamper the 
sedimentation process by re-suspending part of the 
settled solids. Sludge transported to the surface by gas 
bubbles is difficult to remove and may pass to the next 
treatment stage.
Frequent scum removal and adequate treatment/dis-
posal, either with the sludge or separately, is also impor-
tant.
Pros & Cons
+ Simple and robust technology
+ Efficient removal of suspended solids
+ Relatively low capital and operating costs
- Frequent sludge removal
- Effluent, sludge and scum require further treatment
- Short-circuiting can be a problem
References & Further Reading
_	EPA	Ireland	(1997).	Waste Water Treatment Manuals – Prima-
ry, Secondary and Tertiary Treatment. Wexford,	IE.		
Available	at:	www.epa.ie
	
_	Tchobanoglous,	G.,	Burton,	F.	L.	and	Stensel,	H.	D.	(2004).	
Wastewater Engineering: Treatment and Reuse,	Metcalf	&	
Eddy,	4th	Ed.	(Internat.	Ed.).	McGraw-Hill,	New	York,	US.
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Imhoff Tank 
T2: IMHOFF TANK
scum
gas
bubbles
flow tank/
settling 
compartment
sludge 
outlet
pipe
cleanout gas vents
sludge 
digestion
compartment
Applicable to:
Systems 1, 6-9
The Imhoff tank is a primary treatment technol-
ogy for raw wastewater, designed for solid-liquid 
separation and digestion of the settled sludge. 
It consists of a V-shaped settling compartment 
above a tapering sludge digestion chamber with 
gas vents.
The Imhoff tank is a robust and effective settler that 
causes a suspended solids reduction of 50 to 70%, 
COD reduction of 25 to 50%, and leads to potentially 
good sludge stabilization – depending on the design 
and conditions. The settling compartment has a circular 
or rectangular shape with V-shaped walls and a slot at 
the bottom, allowing solids to settle into the digestion 
compartment, while preventing foul gas from rising up 
and disturbing the settling process. Gas produced in the 
digestion chamber rises into the gas vents at the edge 
of the reactor. It transports sludge particles to the water 
surface, creating a scum layer. The sludge accumulates 
in the sludge digestion compartment, and is compacted 
and  partially stabilized through anaerobic digestion. 
Design Considerations The Imhoff tank is usually 
built underground with reinforced concrete. It can, how-
ever, also be built above ground, which makes sludge 
removal easier due to gravity, although it still requires 
pumping up of the influent. Small prefabricated Imhoff 
tanks are also available on the market. Hydraulic reten-
tion time is usually not more than 2 to 4 hours to pre-
serve an aerobic effluent for further treatment or dis-
charge. T-shaped pipes or baffles are used at the inlet 
and the outlet to reduce velocity and prevent scum 
from leaving the system. The total water depth in the 
tank from the bottom to the water surface may reach 
7 to 9.5 m. The bottom of the settling compartment 
is typically sloped 1.25 to 1.75 vertical to 1 horizontal 
and the slot opening can be 150 to 300 mm wide. The 
walls of the sludge digestion compartment should have 
an inclination of 45° or more. This allows the sludge 
to slide down to the centre where it can be removed. 
Dimensioning of the anaerobic digestion compartment 
depends mainly on sludge production per population 
equivalent, on the targeted degree of sludge stabiliza-
tion (linked to the desludging frequency) and the tem-
perature. The digestion chamber is usually designed 
for 4 to 12 months sludge storage capacity to allow for 
sufficient anaerobic digestion. In colder climates longer 
sludge retention time and, therefore, a greater volume 
T.2
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public


Inputs:    Blackwater    Brownwater 
 Greywater 
Outputs:    Effluent    Sludge
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is needed. For desludging, a pipe and pump have to 
be installed or access provided for vacuum trucks and 
mobile pumps. A bar screen or grit chamber (see PRE, 
p. 100) is recommended before the Imhoff tank to pre-
vent coarse material from disturbing the system.
Appropriateness Imhoff tanks are recommended for 
domestic or mixed wastewater flows between 50 and 
20,000 population equivalents. They are able to treat 
high organic loads and are resistant against organic 
shock loads. Space requirements are low. 
Imhoff tanks can be used in warm and cold climates. As 
the tank is very high, it can be built underground if the 
groundwater table is low and the location is not flood 
prone.
Health Aspects/Acceptance As the effluent is 
almost odourless, it is a good option for primary treat-
ment if subsequent treatment takes place, e.g., in open 
ponds, constructed wetlands or trickling filters. Gas-
es produced in low quantities may, however, generate 
odours locally. Pathogen removal is low and all outputs 
should be treated. Appropriate protective clothing is 
necessary for workers who may come in contact with 
the effluent, scum or sludge.
Operation & Maintenance Operation and mainte-
nance are possible at low cost, if trained personnel are 
in charge. Flow paths have to be kept open and cleaned 
out weekly, while scum in the settling compartment 
and the gas vents has to be removed daily if necessary. 
Stabilized sludge from the bottom of the digestion com-
partment should be removed according to the design. 
A minimum clearance of 50 cm between the sludge 
blanket and the slot of the settling chamber has to be 
ensured at all times.
Pros & Cons 
+  Solid-liquid separation and sludge stabilization are 
combined in one single unit
+  Resistant against organic shock loads
+  Small land area required
+  The effluent is not septic (with low odour)
+  Low operating costs
-  Very high (or deep) infrastructure; depth may be a 
problem in case of high groundwater table
-  Requires expert design and construction
-  Low reduction of pathogens
-  Effluent, sludge and scum require further treatment
References & Further Reading
_	Alexandre,	O.,	Boutin,	C.,	Duchène,	Ph.,	Lagrange,	C.,	Lakel,	
A.,	Liénard,	A.	and	Orditz,	D.	(1998).	Filières d’épuration 
adaptées aux petites collectivités. Document	technique	
FNDAE	n°22,	Cemagref,	Lyon,	FR.	
Available	at:	www.fndae.fr
_	Herrera,	A.	(2006).	Rehabilitation of the Imhoff Tank Treat-
ment Plant in Las Vegas, Santa Barbara Honduras,  
Central America. Master	thesis,	Department	of	Civil,		
Architectural	and	Environmental	Engineering,	University	of	
Texas,	Austin,	US.	
(Case	study	providing	general	information	about	Imhoff	
tanks	and	insights	into	implementation	and	operational	
problems.	Recommendations	for	O&M	are	provided.)
_	McLean,	R.	C.	(2009).	Honduras Wastewater Treatment: 
Chemically Enhanced Primary Treatment and Sustainable 
Secondary Treatment Technologies for Use with Imhoff Tanks. 
Master	thesis,	Department	of	Civil	and	Environmental		
Engineering,	Massachusetts	Institute	of	Technology,		
Cambridge,	US.	
(Case	study	including	a	detailed	description	of	the	function-
ality	of	the	Imhoff	tank)
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide. WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.	
(Comprehensive	handbook	about	planning	and	implemen-
tation	of	decentralized	wastewater	treatment	options.	It	
includes	case	studies	and	Excel	spreadsheets	for	design	
calculations.)
_	WSP	(Ed.)	(2008).	Philippines Sanitation Sourcebook and 
Decision Aid.	Water	and	Sanitation	Program,	Washington,	
D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home	
(Basic	information	about	low-cost	decentralized	sanitation	
technologies	for	decision	makers.	Presents	fact	sheets	
about	23	selected	options,	including	the	Imhoff	tank.)
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Anaerobic Baffled Reactor (ABR)
T1: ANAEROBIC BAFFLED REACTOR (ABR)
sludge
sedimentation 
zone
scum
outlet
access covers
inlet
settler anaerobic baffled reactor (ABR)
inlet-T
vent
baffle
Applicable to:
Systems 1, 6-9
An anaerobic baffled reactor (ABR) is an improved 
Septic Tank (S.9) with a series of baffles under which 
the wastewater is forced to flow. The increased con-
tact time with the active biomass (sludge) results in 
improved treatment.
The upflow chambers provide enhanced removal and 
digestion of organic matter. BOD may be reduced by up 
to 90%, which is far superior to its removal in a conven-
tional Septic Tank. 
Design Considerations The majority of settlea-
ble solids are removed in a sedimentation chamber in 
front of the actual ABR. Small-scale, stand-alone units 
typically have an integrated settling compartment (as 
shown in S.10), but primary sedimentation can also take 
place in a separate Settler (T.1) or another preceding 
technology (e.g., existing Septic Tanks). Designs with-
out a settling compartment are of particular interest 
for (Semi-) Centralized Treatment plants that combine 
the ABR with another technology for primary settling, or 
where prefabricated, modular units are used. 
Typical inflows range from 2 to 200 m3 per day. Crit-
ical design parameters include a hydraulic retention 
time (HRT) between 48 to 72 hours, upflow velocity 
of the wastewater below 0.6 m/h and the number of 
upflow chambers (3 to 6). The connection between the 
chambers can be designed either with vertical pipes or 
baffles. Accessibility to all chambers (through access 
ports) is necessary for maintenance. Usually, the biogas 
produced in an ABR through anaerobic digestion is not 
collected because of its insufficient amount. The tank 
should be vented to allow for controlled release of odor-
ous and potentially harmful gases.
Appropriateness This technology is easily adaptable 
and can be applied at the household level, in small neigh-
bourhoods or even in bigger catchment areas. It is most 
appropriate where a relatively constant amount of black-
water and greywater is generated. A (semi-) centralized 
ABR is appropriate when there is a pre-existing Convey-
ance technology, such as a Simplified Sewer (C.4).
This technology is suitable for areas where land may 
be limited since the tank is most commonly installed 
underground and requires a small area. However, a 
vacuum truck should be able to access the location 
because the sludge must be regularly removed (particu-
larly from the settler). 
T.3
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





Inputs:    Effluent     Blackwater  
 Brownwater    Greywater 
Outputs:    Effluent    Sludge
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POST
ABRs can be installed in every type of climate, although 
the efficiency is lower in colder climates. They are not 
efficient at removing nutrients and pathogens. The efflu-
ent usually requires further treatment.
Health Aspects/Acceptance Under normal oper-
ating conditions, users do not come in contact with the 
influent or effluent. Effluent, scum and sludge must be 
handled with care as they contain high levels of pathogen-
ic organisms. The effluent contains odorous compounds 
that may have to be removed in a further polishing step. 
Care should be taken to design and locate the facility 
such that odours do not bother community members.
Operation & Maintenance An ABR requires a 
start-up period of several months to reach full treatment 
capacity since the slow growing anaerobic biomass 
first needs to be established in the reactor. To reduce 
start-up time, the ABR can be inoculated with anaerobic 
bacteria, e.g., by adding fresh cow dung or Septic Tank 
sludge. The added stock of active bacteria can then mul-
tiply and adapt to the incoming wastewater. Because of 
the delicate ecology, care should be taken not to dis-
charge harsh chemicals into the ABR.
Scum and sludge levels need to be monitored to ensure 
that the tank is functioning well. Process operation in 
general is not required, and maintenance is limited to 
the removal of accumulated sludge and scum every 1 
to 3 years. This is best done using a Motorized Empty-
ing and Transport technology (C.3). The desludging fre-
quency depends on the chosen pre-treatment steps, as 
well as on the design of the ABR.
ABR tanks should be checked from time to time to 
ensure that they are watertight.
Pros & Cons
+  Resistant to organic and hydraulic shock loads
+  No electrical energy is required
+  Low operating costs
+  Long service life
+  High reduction of BOD
+  Low sludge production; the sludge is stabilized
+  Moderate area requirement (can be built under-
ground)
-  Requires expert design and construction
-  Low reduction of pathogens and nutrients
-  Effluent and sludge require further treatment and/or 
appropriate discharge
References & Further Reading 
_	Bachmann,	A.,	Beard,	V.	L.	and	McCarty,	P.	L.	(1985).	Per-
formance Characteristics of the Anaerobic Baffled Reactor. 
Water	Research	19	(1):	99-106.
_	Barber,	W.	P.	and	Stuckey,	D.	C.	(1999).	The Use of the 
Anaerobic Baffled Reactor (ABR) for Wastewater Treatment: A 
Review.	Water	Research	33	(7):	1559-1578.
_	Foxon,	K.	M.,	Buckley,	C.	A.,	Brouckaert,	C.	J.,	Dama,	P.,	
Mtembu,	Z.,	Rodda,	N.,	Smith,	M.,	Pillay,	S.,	Arjun,	N.,	Lalba-
hadur,	T.	and	Bux,	F.	(2006).	Evaluation of the Anaerobic Baf-
fled Reactor for Sanitation in Dense Peri-urban Settlements. 
WRC	Report	No	1248/01/06,	Water	Research	Commission,	
Pretoria,	ZA.	
Available	at:	www.wrc.org.za
_	Foxon,	K.	M.,	Pillay,	S.,	Lalbahadur,	T.,	Rodda,	N.,	Holder,	
F.	and	Buckley,	C.	A.	(2004).	The Anaerobic Baffled Reactor 
(ABR): An Appropriate Technology for on-Site Sanitation. 
Water	SA	30	(5)	(Special	Edition).		
Available	at:	www.wrc.org.za
_	Stuckey,	D.	C.	(2010).	Anaerobic Baffled Reactor (ABR) for 
Wastewater Treatment.	In:	Environmental	Anaerobic	Tech-
nology.	Applications	and	New	Developments,	H.	H.	P.	Fang	
(Ed.),	Imperial	College	Press,	London,	UK.
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide. WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.
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Anaerobic Filter
T2: ANAEROBIC FILTER
sludge
filter support
access covers
filter
sedimentation 
zone
settler anaerobic filter units
scum
vent
outlet
inlet inlet-T baffle
Applicable to:
Systems 1, 6-9
An anaerobic filter is a fixed-bed biological reactor 
with one or more filtration chambers in series. As 
wastewater flows through the filter, particles are 
trapped and organic matter is degraded by the ac-
tive biomass that is attached to the surface of the 
filter material.
With this technology, suspended solids and BOD remov-
al can be as high as 90%, but is typically between 50% 
and 80%. Nitrogen removal is limited and normally does 
not exceed 15% in terms of total nitrogen (TN).
Design Considerations Pre- and primary treat-
ment is essential to remove solids and garbage that 
may clog the filter. The majority of settleable solids 
are removed in a sedimentation chamber in front of 
the anaerobic filter. Small-scale, stand-alone units 
typically have an integrated settling compartment 
(as shown in S.11), but primary sedimentation can 
also take place in a separate Settler (T.1) or another 
preceding technology (e.g., existing Septic Tanks). 
Designs without a settling compartment are of par-
ticular interest for (Semi-) Centralized Treatment 
plants that combine the anaerobic filter with other 
technologies, such as the Anaerobic Baffled Reactor 
(ABR, T.3).
Anaerobic filters are usually operated in upflow mode 
because there is less risk that the fixed biomass will 
be washed out. The water level should cover the fil-
ter media by at least 0.3 m to guarantee an even flow 
regime. The hydraulic retention time (HRT) is the most 
important design parameter influencing filter perfor-
mance. An HRT of 12 to 36 hours is recommended.
The ideal filter should have a large surface area for 
bacteria to grow, with pores large enough to prevent 
clogging. The surface area ensures increased con-
tact between the organic matter and the attached 
biomass that effectively degrades it. Ideally, the 
material should provide between 90 to 300 m2 of 
surface area per m3 of occupied reactor volume. 
Typical filter material sizes range from 12 to 55 
mm in diameter. Materials commonly used include 
gravel, crushed rocks or bricks, cinder, pumice, or 
specially formed plastic pieces, depending on local 
availability. The connection between the chambers 
can be designed either with vertical pipes or baffles. 
Accessibility to all chambers (through access ports) 
is necessary for maintenance. The tank should be 
T.4
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





Inputs:    Effluent     Blackwater  
 Brownwater    Greywater 
Outputs:    Effluent    Sludge
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vented to allow for controlled release of odorous and 
potentially harmful gases.
Appropriateness This technology is easily adapt-
able and can be applied at the household level, in small 
neighbourhoods or even in bigger catchment areas. It is 
most appropriate where a relatively constant amount of 
blackwater and greywater is generated. The anaerobic 
filter can be used for secondary treatment, to reduce 
the organic loading rate for a subsequent aerobic treat-
ment step, or for polishing.
This technology is suitable for areas where land may 
be limited since the tank is most commonly installed 
underground and requires a small area. Accessibility by 
vacuum truck is important for desludging. 
Anaerobic filters can be installed in every type of cli-
mate, although the efficiency is lower in colder climates. 
They are not efficient at removing nutrients and patho-
gens. Depending on the filter material, however, com-
plete removal of worm eggs may be achieved. The efflu-
ent usually requires further treatment.
Health Aspects/Acceptance Under normal oper-
ating conditions, users do not come in contact with the 
influent or effluent. Effluent, scum and sludge must be 
handled with care as they contain high levels of path-
ogenic organisms. The effluent contains odorous com-
pounds that may have to be removed in a further pol-
ishing step. Care should be taken to design and locate 
the facility such that odours do not bother community 
members.
Operation & Maintenance An anaerobic filter 
requires a start-up period of 6 to 9 months to reach 
full treatment capacity since the slow growing anaer-
obic biomass first needs to be established on the filter 
media. To reduce start-up time, the filter can be inocu-
lated with anaerobic bacteria, e.g., by spraying Septic 
Tank sludge onto the filter material. The flow should be 
gradually increased over time. Because of the delicate 
ecology, care should be taken not to discharge harsh 
chemicals into the anaerobic filter.
Scum and sludge levels need to be monitored to ensure 
that the tank is functioning well. Over time, solids will 
clog the pores of the filter. As well, the growing bacterial 
mass will become too thick, break off and eventually 
clog pores. When the efficiency decreases, the filter 
must be cleaned. This is done by running the system in 
reverse mode (backwashing) or by removing and clean-
ing the filter material.
Anaerobic filter tanks should be checked from time to 
time to ensure that they are watertight.
Pros & Cons
+  No electrical energy is required
+  Low operating costs
+  Long service life
+  High reduction of BOD and solids
+  Low sludge production; the sludge is stabilized
+  Moderate area requirement (can be built under-
ground)
-  Requires expert design and construction
-  Low reduction of pathogens and nutrients
-  Effluent and sludge require further treatment and/or 
appropriate discharge
-  Risk of clogging, depending on pre- and primary 
treatment
-  Removing and cleaning the clogged filter media is 
cumbersome
References & Further Reading 
_	Morel,	A.	and	Diener,	S.	(2006).	Greywater Management in 
Low and Middle-Income Countries. Review of Different Treat-
ment Systems for Households or Neighbourhoods.	Eawag	
(Department	Sandec),	Dübendorf,	CH.	
Available	at:	www.sandec.ch	
(Short	summary	including	case	studies	–	p.	28)
_	von	Sperling,	M.	and	de	Lemos	Chernicharo,	C.	A.	(2005).	
Biological Wastewater Treatment in Warm Climate Regions, 
Volume One. IWA	Publishing,	London,	UK.	pp.	728-804.	
Available	at:	www.iwawaterwiki.org		
(Detailed	design	instructions)
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide. WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.	
(Design	summary	including	Excel	spreadsheets	for	design	
calculations)
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Waste Stabilization Ponds (WSP)
T3: WASTE STABILIZATION PONDS (WSP)
sludge
o2
1 anaerobic
1 anaerobic 2 facultative 3 aerobic maturation
2 facultative
3 aerobic maturation
sludge
inlet 
inlet 
inlet 
outlet 
outlet 
outlet o2 o2 o2
o2 o2 o2 o2
0.
5m
 - 
1.
5m
2m
 - 
5m
liner
1m
 - 
2.
5m
Applicable to:
Systems 1, 6-9
Waste Stabilization Ponds (WSPs) are large, man-
made water bodies. The ponds can be used individ-
ually, or linked in a series for improved treatment. 
There are three types of ponds, (1) anaerobic, (2) 
facultative and (3) aerobic (maturation), each with 
different treatment and design characteristics.
For the most effective treatment, WSPs should be linked 
in a series of three or more with effluent flowing from 
the anaerobic pond to the facultative pond and, finally, 
to the aerobic pond. The anaerobic pond is the prima-
ry treatment stage and reduces the organic load in the 
wastewater. The entire depth of this fairly deep pond 
is anaerobic. Solids and BOD removal occurs by sedi-
mentation and through subsequent anaerobic digestion 
inside the sludge. Anaerobic bacteria convert organic 
carbon into methane and, through this process, remove 
up to 60% of the BOD. 
In a series of WSPs, the effluent from the anaero-
bic pond is transferred to the facultative pond, where 
further BOD is removed. The top layer of the pond 
receives oxygen from natural diffusion, wind mixing and 
algae-driven photosynthesis. The lower layer is deprived 
of oxygen and becomes anoxic or anaerobic. Settleable 
solids accumulate and are digested on the bottom of 
the pond. The aerobic and anaerobic organisms work 
together to achieve BOD reductions of up to 75%. 
Anaerobic and facultative ponds are designed for BOD 
removal, while aerobic ponds are designed for patho-
gen removal. An aerobic pond is commonly referred to 
as a maturation, polishing, or finishing pond because 
it is usually the last step in a series of ponds and pro-
vides the final level of treatment. It is the shallowest 
of the ponds, ensuring that sunlight penetrates the full 
depth for photosynthesis to occur. Photosynthetic algae 
release oxygen into the water and at the same time 
consume carbon dioxide produced by the respiration of 
bacteria. Because photosynthesis is driven by sunlight, 
the dissolved oxygen levels are highest during the day 
and drop off at night. Dissolved oxygen is also provided 
by natural wind mixing.
Design Considerations Anaerobic ponds are built 
to a depth of 2 to 5 m and have a relatively short deten-
tion time of 1 to 7 days. Facultative ponds should be 
constructed to a depth of 1 to 2.5 m and have a deten-
tion time between 5 to 30 days. Aerobic ponds are usu-
ally between 0.5 to 1.5 m deep. If used in combination 
T.5
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public




Inputs:    Blackwater    Brownwater 
 Greywater   (  Sludge)
Outputs:    Effluent    Sludge
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with algae and/or fish harvesting (see D.9), this type of 
pond is effective at removing the majority of nitrogen 
and phosphorus from the effluent. Ideally, several aero-
bic ponds can be built in series to provide a high level of 
pathogen removal. 
Pre-Treatment (see PRE, p. 100) is essential to prevent 
scum formation and to hinder excess solids and gar-
bage from entering the ponds. To prevent leaching into 
the groundwater, the ponds should have a liner. The lin-
er can be made from clay, asphalt, compacted earth, or 
any other impervious material. To protect the pond from 
runoff and erosion, a protective berm should be con-
structed around the pond using the excavated material. 
A fence should be installed to ensure that people and 
animals stay out of the area and that garbage does not 
enter the ponds.
Appropriateness WSPs are among the most common 
and efficient methods of wastewater treatment around 
the world. They are especially appropriate for rural and 
peri-urban communities that have large, unused land, at 
a distance from homes and public spaces. They are not 
appropriate for very dense or urban areas.
Health Aspects/Acceptance Although effluent 
from aerobic ponds is generally low in pathogens, the 
ponds should in no way be used for recreation or as a 
direct source of water for consumption or domestic use.
Operation & Maintenance Scum that builds up on 
the pond surface should be regularly removed. Aquat-
ic plants (macrophytes) that are present in the pond 
should also be removed as they may provide a breeding 
habitat for mosquitoes and prevent light from penetrat-
ing the water column. 
The anaerobic pond must be desludged approximate-
ly once every 2 to 5 years, when the accumulated 
solids reach one third of the pond volume. For facul-
tative ponds sludge removal is even rarer and matu-
ration ponds hardly ever need desludging. Sludge can 
be removed by using a raft-mounted sludge pump, a 
mechanical scraper at the bottom of the pond or by 
draining and dewatering the pond and removing the 
sludge with a front-end loader.
Pros & Cons
+  Resistant to organic and hydraulic shock loads
+  High reduction of solids, BOD and pathogens 
+  High nutrient removal if combined with aquaculture
+  Low operating costs
+  No electrical energy is required
+  No real problems with insects or odours if designed 
and maintained correctly
-  Requires a large land area
-  High capital costs depending on the price of land
-  Requires expert design and construction
-  Sludge requires proper removal and treatment
References & Further Reading
_	Kayombo,	S.,	Mbwette,	T.	S.	A.,	Katima,	J.	H.	Y.,	Ladegaard,	
N.	and	Jorgensen,	S.	E.	(2004).	Waste Stabilization Ponds 
and Constructed Wetlands Design Manual. UNEP-IETC/Dani-
da,	Dar	es	Salaam,	TZ/Copenhagen,	DK.		
Available	at:	www.unep.org
_	Peña	Varón,	M.	and	Mara,	D.	D.	(2004).	Waste Stabilisation 
Ponds.	Thematic	Overview	Paper.	IRC	International	Water	
and	Sanitation	Centre,	Delft,	NL.	
Available	at:	www.ircwash.org
_	Shilton,	A.	(Ed.)	(2005).	Pond Treatment Technology. Inte-
grated	Environmental	Technology	Series,	IWA	Publishing,	
London,	UK.
_	von	Sperling,	M.	(2007).	Waste Stabilisation Ponds.	Bio-
logical	Wastewater	Treatment	Series,	Volume	Three.	IWA	
Publishing,	London,	UK.	
Available	at:	www.iwawaterwiki.org
_	von	Sperling,	M.	and	de	Lemos	Chernicharo,	C.	A.	(2005).	
Biological Wastewater Treatment in Warm Climate Regions, 
Volume One.	IWA	Publishing,	London,	UK.	pp.	495-656.	
Available	at:	www.iwawaterwiki.org
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide.	WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.	
(Detailed	description	and	Excel	spreadsheets	for	design	
calculations)
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Aerated Pond
T4: AERATED POND 
sludge
oxygen supply through aerators
inlet outlet
o2
2m
 - 
6m
o2 o2
liner
Applicable to:
Systems 1, 6-9
An aerated pond is a large, mixed, aerobic reactor. 
Mechanical aerators provide oxygen and keep the 
aerobic organisms suspended and mixed with water 
to achieve a high rate of organic degradation.
Increased mixing and aeration from the mechanical 
units means that the ponds can be deeper and tol-
erate much higher organic loads than a maturation 
pond. The increased aeration allows for increased 
degradation and increased pathogen removal. As well, 
because oxygen is introduced by the mechanical units 
and not by light-driven photosynthesis, the ponds can 
function in more northern climates. 
Design Considerations Influent should be 
screened and pre-treated to remove garbage and 
coarse particles that could interfere with the aera-
tors. Because the aeration units mix the pond, a sub-
sequent settling tank is required to separate the efflu-
ent from the solids. 
The pond should be built to a depth of 2 to 5 m and 
should have a detention time of 3 to 20 days, depend-
ing on the treatment target.
To prevent leaching, the pond should have a liner. This 
can be made from clay, asphalt, compacted earth, or 
any other impervious material. A protective berm should 
be built around the pond, using the fill that is excavated, 
to protect it from runoff and erosion.
Appropriateness A mechanically aerated pond 
can efficiently handle concentrated influent and 
significantly reduce pathogen levels. It is especial-
ly important that electricity service is uninterrupted 
and that replacement parts are available to prevent 
extended downtimes that may cause the pond to 
turn anaerobic.
Aerated ponds can be used in both rural and peri-urban 
environments. They are most appropriate for regions 
with large areas of inexpensive land located away from 
homes and businesses. Aerated lagoons can function 
in a larger range of climates than Waste Stabilization 
Ponds (T.5) and the area requirement is smaller com-
pared to a maturation pond. 
Health Aspects/Acceptance The pond is a large 
expanse of pathogenic wastewater; care must be taken 
to ensure that no one comes in contact with or goes 
into the water.
T.6
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public




Inputs:    Effluent    Blackwater  
 Brownwater    Greywater 
Outputs:    Effluent    Sludge
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The aeration units can be dangerous to humans and 
animals. Fences, signage, or other measures should be 
taken to prevent entry into the area.
Operation & Maintenance Permanent, skilled 
staff is required to maintain and repair aeration machin-
ery and the pond must be desludged every 2 to 5 years.
Care should be taken to ensure that the pond is not used 
as a garbage dump, especially considering the damage 
that could result to the aeration equipment.
Pros & Cons
+  Resistant to organic and hydraulic shock loads
+  High reduction of BOD and pathogens
+  No real problems with insects or odours if designed 
and maintained correctly
-  Requires a large land area
-  High energy consumption, a constant source of 
electricity is required
-  High capital and operating costs depending on the 
price of land and of electricity
-  Requires operation and maintenance by skilled per-
sonnel
-  Not all parts and materials may be locally available 
-  Requires expert design and construction
-  Sludge and possibly effluent require further treat-
ment and/or appropriate discharge
References & Further Reading
_	Arthur,	J.	P.	(1983).	Notes on the Design and Operation of 
Waste Stabilization Ponds in Warm Climates of Developing 
Countries.	World	Bank	Technical	Paper	No.	7.	The	World	
Bank,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home	
(Notes	on	applicability	and	effectiveness)
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems. WCB/McGraw-
Hill,	New	York,	US.	pp.	527-558.	
(Comprehensive	summary	chapter)
_	Tchobanoglous,	G.,	Burton,	F.	L.	and	Stensel,	H.	D.	(2004).	
Wastewater Engineering: Treatment and Reuse, Metcalf	&	
Eddy,	4th	Ed.	(Internat.	Ed.).	McGraw-Hill,	New	York,	US.	pp.	
840-854.	
(Detailed	design	and	example	problems)
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Free-Water Surface Constructed Wetland
T5: FREE WATER SURFACE CONSTRUCTED WETLAND
wetland plants (macrophytes)
rhizome networkliner
sludge
water surface
inlet
outlet
Applicable to:
Systems 1, 6-9
A free-water surface constructed wetland aims to 
replicate the naturally occurring processes of a 
natural wetland, marsh or swamp. As water slowly 
flows through the wetland, particles settle, patho-
gens are destroyed, and organisms and plants uti-
lize the nutrients. This type of constructed wetland 
is commonly used as an advanced treatment after 
secondary or tertiary treatment processes.
Unlike the Horizontal Subsurface Flow Constructed 
Wetland (T.8), the free-water surface constructed wet-
land allows water to flow above ground exposed to the 
atmosphere and to direct sunlight. As the water slow-
ly flows through the wetland, simultaneous physical, 
chemical and biological processes filter solids, degrade 
organics and remove nutrients from the wastewater.
Raw blackwater should be pre-treated to prevent the 
excess accumulation of solids and garbage. Once in 
the pond, the heavier sediment particles settle out, 
and this also removes the nutrients attached to them. 
Plants, and the communities of microorganisms that 
they support (on the stems and roots), take up nutrients 
like nitrogen and phosphorus. Chemical reactions may 
cause other elements to precipitate out of the wastewa-
ter. Pathogens are removed from the water by natural 
decay, predation from higher organisms, sedimentation 
and UV irradiation.
Although the soil layer below the water is anaerobic, the 
plant roots exude (release) oxygen into the area immedi-
ately surrounding the root hairs, thus, creating an envi-
ronment for complex biological and chemical activity.
Design Considerations The channel or basin is lined 
with an impermeable barrier (clay or geo-textile) covered 
with rocks, gravel and soil and planted with native vege-
tation (e.g., cattails, reeds and/or rushes). The wetland 
is flooded with wastewater to a depth of 10 to 45 cm 
above ground level. The wetland is compartmentalized 
into at least two independent flow paths. The number of 
compartments in series depends on the treatment tar-
get. The efficiency of the free-water surface constructed 
wetland also depends on how well the water is distribut-
ed at the inlet. Wastewater can be fed into the wetland, 
using weirs or by drilling holes in a distribution pipe, to 
allow it to enter at evenly spaced intervals.
Appropriateness Free-water surface constructed 
wetlands can achieve a high removal of suspended sol-
T.7
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public


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Inputs:    Effluent    Stormwater
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ids and moderate removal of pathogens, nutrients and 
other pollutants, such as heavy metals. This technolo-
gy is able to tolerate variable water levels and nutrient 
loads. Plants limit the dissolved oxygen in the water from 
their shade and their buffering of the wind; therefore, 
this type of wetland is only appropriate for low-strength 
wastewater. This also makes it appropriate only when 
it follows some type of primary treatment to lower the 
BOD. Because of the potential for human exposure to 
pathogens, this technology is rarely used as secondary 
treatment. Typically, it is used for polishing effluent that 
has been through secondary treatment, or for stormwa-
ter retention and treatment.
The free-water surface wetland is a good option where 
land is cheap and available. Depending on the volume of 
the water and the corresponding area requirement of the 
wetland, it can be appropriate for small sections of urban 
areas, as well as for peri-urban and rural communities. 
This technology is best suited for warm climates, but 
can be designed to tolerate some freezing and periods 
of low biological activity.
Health Aspects/Acceptance The open surface can 
act as a potential breeding ground for mosquitoes. How-
ever, good design and maintenance can prevent this.
Free-water surface constructed wetlands are generally 
aesthetically pleasing, especially when they are inte-
grated into pre-existing natural areas.
Care should be taken to prevent people from coming in 
contact with the effluent because of the potential for dis-
ease transmission and the risk of drowning in deep water.
Operation & Maintenance Regular maintenance 
should ensure that water is not short-circuiting, or back-
ing up because of fallen branches, garbage, or beaver 
dams blocking the wetland outlet. Vegetation may have 
to be periodically cut back or thinned out.
Pros & Cons
+  Aesthetically pleasing and provides animal habitat
+  High reduction of BOD and solids; moderate patho-
gen removal
+  Can be built and repaired with locally available  
materials
+  No electrical energy is required
+  No real problems with odours if designed and main-
tained correctly
+  Low operating costs
-  May facilitate mosquito breeding
-  Requires a large land area
-  Long start-up time to work at full capacity
-  Requires expert design and construction
References & Further Reading
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems.	WCB/McGraw-
Hill,	New	York,	US.	pp.	582-599.	
(Comprehensive	summary	chapter	including	solved	prob-
lems)
_	Kadlec,	R.	H.,	Knight,	R.	L.,	Vymazal,	J.,	Brix,	H.,	Cooper,	P.	
and	Haberl,	R.	(2000).	Constructed Wetlands for Pollution Con-
trol. Processes, Performance, Design and Operation. Scientific	
and	Technical	Report	No.	8.	IWA	Publishing,	London,	UK.	
Available	at:	www.iwawaterwiki.org
_	Kadlec,	R.	H.	and	Wallace,	S.	D.	(2009).	Treatment Wetlands,	
2nd	Ed.	CRC	Press,	Taylor	&	Francis	Group,	Boca	Raton,	US.
_	Merz,	S.	L.	(2000).	Guidelines for Using Free Water Surface 
Constructed Wetlands to Treat Municipal Sewage.	Queens-
land	Department	of	Natural	Resources,	Brisbane,	AU.
_	Poh-Eng,	L.	and	Polprasert,	C.	(1998).	Constructed Wetlands 
for Wastewater Treatment and Resource Recovery. Environ-
mental	Sanitation	Information	Center,	AIT,	Bangkok,	TH.
_	Polprasert,	C.,	Veenstra,	S.	and	van	der	Steen,	P.	(2001).	
Wastewater Treatment II. Natural Systems for Wastewater 
Management, Chapter 6. UNESCO-IHE,	Delft,	NL.
_	U.S.	EPA	(2000).	Constructed Wetlands Treatment of  
Municipal Wastewaters.	EPA/625/R-99/010.	U.S.		
Environmental	Protection	Agency,	Washington,	D.C.,	US.		
Available	at:	www.epa.gov
_	Vymazal,	J.	(2008).	Constructed Wetlands for Wastewater 
Treatment: A Review. In:	Proceedings	of	Taal	2007:	The	12th	
World	Lake	Conference,	M.	Sengupta	and	R.	Dalwani	(Eds.).	
pp.	965-980.	
Available	at:	www.moef.nic.in
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Horizontal Subsurface Flow Constructed Wetland
T6: HORIZONTAL SUBSURFACE FLOW CW 95
inlet pipe and gravel for
wastewater distribution
wet well and cover
rhizome network small gravel
slope 1%
wetland plants (macrophytes)
inlet
outlet
liner
effluent outlet
(height variable)
Applicable to:
Systems 1, 6-9
A horizontal subsurface flow constructed wetland is 
a large gravel and sand-filled basin that is planted 
with wetland vegetation. As wastewater flows hori-
zontally through the basin, the filter material filters 
out particles and microorganisms degrade the or-
ganics.
The filter media acts as a filter for removing solids, a 
fixed surface upon which bacteria can attach, and a 
base for the vegetation. Although facultative and anaer-
obic bacteria degrade most organics, the vegetation 
transfers a small amount of oxygen to the root zone so 
that aerobic bacteria can colonize the area and degrade 
organics as well. The plant roots play an important role 
in maintaining the permeability of the filter.
Design Considerations The design of a horizon-
tal subsurface flow constructed wetland depends on 
the treatment target and the amount and quality of 
the influent. It includes decisions about the amount of 
parallel flow paths and compartmentation. The remov-
al efficiency of the wetland is a function of the surface 
area (length multiplied by width), while the cross-sec-
tional area (width multiplied by depth) determines the 
maximum possible flow. Generally, a surface area of 
about 5 to 10 m2 per person equivalent is required. 
Pre- and primary treatment is essential to prevent clog-
ging and ensure efficient treatment. The influent can be 
aerated by an inlet cascade to support oxygen-depend-
ent processes, such as BOD reduction and nitrification. 
The bed should be lined with an impermeable liner (clay 
or geotextile) to prevent leaching. It should be wide and 
shallow so that the flow path of the water in contact 
with vegetation roots is maximized. A wide inlet zone 
should be used to evenly distribute the flow. A well-de-
signed inlet that allows for even distribution is impor-
tant to prevent short-circuiting. The outlet should be 
variable so that the water surface can be adjusted to 
optimize treatment performance. 
Small, round, evenly sized gravel (3 to 32 mm in diame-
ter) is most commonly used to fill the bed to a depth of 
0.5 to 1 m. To limit clogging, the gravel should be clean 
and free of fines. Sand is also acceptable, but is more 
prone to clogging than gravel. In recent years, alterna-
tive filter materials, such as PET, have been successfully 
used. The water level in the wetland is maintained at 5 
to 15 cm below the surface to ensure subsurface flow. 
Any native plant with deep, wide roots that can grow 
T.8
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in the wet, nutrient-rich environment is appropriate. 
Phragmites australis (reed) is a common choice because 
it forms horizontal rhizomes that penetrate the entire 
filter depth.
Appropriateness Clogging is a common problem 
and, therefore, the influent should be well settled with 
primary treatment before flowing into the wetland. This 
technology is not appropriate for untreated domestic 
wastewater (i.e. blackwater). It is a good treatment for 
communities that have primary treatment (e.g., Septic 
Tanks, S.9), but are looking to achieve a higher quality 
effluent. 
The horizontal subsurface flow constructed wetland is a 
good option where land is cheap and available. Depend-
ing on the volume of the water and the corresponding 
area requirement of the wetland, it can be appropriate 
for small sections of urban areas, as well as for peri-ur-
ban and rural communities. It can also be designed for 
single households.
This technology is best suited for warm climates, but it 
can be designed to tolerate some freezing and periods 
of low biological activity. If the effluent is to be reused, 
the losses due to high evapotranspiration rates could 
be a drawback of this technology, depending on the cli-
mate.
Health Aspects/Acceptance Significant pathogen 
removal is accomplished by natural decay, predation 
by higher organisms, and filtration. As the water flows 
below the surface, any contact of pathogenic organ-
isms with humans and wildlife is minimized. The risk of 
mosquito breeding is reduced since there is no standing 
water compared to the risk associated with Free-Water 
Surface Constructed Wetlands (T.7). The wetland is aes-
thetically pleasing and can be integrated into wild areas 
or parklands.
Operation & Maintenance During the first growing 
season, it is important to remove weeds that can com-
pete with the planted wetland vegetation. With time, the 
gravel will become clogged with accumulated solids and 
bacterial film. The filter material at the inlet zone will 
require replacement every 10 or more years. Mainte-
nance activities should focus on ensuring that primary 
treatment is effective at reducing the concentration of 
solids in the wastewater before it enters the wetland. 
Maintenance should also ensure that trees do not grow 
in the area as the roots can harm the liner.
Pros & Cons
+  High reduction of BOD, suspended solids and patho-
gens
+  Does not have the mosquito problems of the 
Free-Water Surface Constructed Wetland
+  No electrical energy is required
+  Low operating costs
-  Requires a large land area
-  Little nutrient removal
-  Risk of clogging, depending on pre- and primary 
treatment
-  Long start-up time to work at full capacity
-  Requires expert design and construction
References & Further Reading
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems.	WCB/McGraw-
Hill,	New	York,	US.	pp.	599-609.	
(Comprehensive	summary	chapter	including	solved	prob-
lems)
_	Hoffmann,	H.,	Platzer,	C.,	Winker,	M.	and	von	Münch,	E.	
(2011).	Technology Review of Constructed Wetlands. Subsur-
face Flow Constructed Wetlands for Greywater and Domestic 
Wastewater Treatment.	Gesellschaft	für	Internationale	
Zusammenarbeit	(GIZ)	GmbH,	Eschborn,	DE.	
Available	at:	www.susana.org/library
_	Kadlec,	R.	H.	and	Wallace,	S.	D.	(2009).	Treatment Wetlands, 
2nd	Ed.	CRC	Press,	Taylor	&	Francis	Group,	Boca	Raton,	US.
_	UN-HABITAT	(2008).	Constructed Wetlands Manual.	UN-HAB-
ITAT	Water	for	Asian	Cities	Programme.	Kathmandu,	NP.	
Available	at:	www.unhabitat.org
_	U.S.	EPA	(2000).	Constructed Wetlands Treatment of Munic-
ipal Wastewaters. EPA/625/R-99/010.	U.S.	Environmental	
Protection	Agency,	Washington,	D.C.,	US.		
Available	at:	www.epa.gov
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Vertical Flow Constructed Wetland
T7: VERTICAL FLOW CONSTRUCTED WETLAND (VFCW)
inlet
air 
air pipe
outletgravel drainage pipe
80
cm
wetland plants (macrophytes)
slope 1%liner
Applicable to:
Systems 1, 6-9
A vertical flow constructed wetland is a planted fil-
ter bed that is drained at the bottom. Wastewater is 
poured or dosed onto the surface from above using 
a mechanical dosing system. The water flows verti-
cally down through the filter matrix to the bottom 
of the basin where it is collected in a drainage pipe. 
The important difference between a vertical and 
horizontal wetland is not simply the direction of the 
flow path, but rather the aerobic conditions.
By intermittently dosing the wetland (4 to 10 times a 
day), the filter goes through stages of being saturated 
and unsaturated, and, accordingly, different phases of 
aerobic and anaerobic conditions. During a flush phase, 
the wastewater percolates down through the unsaturat-
ed bed. As the bed drains, air is drawn into it and the 
oxygen has time to diffuse through the porous media.
The filter media acts as a filter for removing solids, a 
fixed surface upon which bacteria can attach and a 
base for the vegetation. The top layer is planted and 
the vegetation is allowed to develop deep, wide roots, 
which permeate the filter media. The vegetation trans-
fers a small amount of oxygen to the root zone so that 
aerobic bacteria can colonize the area and degrade 
organics. However, the primary role of vegetation is to 
maintain permeability in the filter and provide habitat 
for microorganisms. Nutrients and organic material are 
absorbed and degraded by the dense microbial popula-
tions. By forcing the organisms into a starvation phase 
between dosing phases, excessive biomass growth can 
be decreased and porosity increased.
Design Considerations The vertical flow construct-
ed wetland can be designed as a shallow excavation or 
as an above ground construction. Clogging is a com-
mon problem. Therefore, the influent should be well 
settled in a primary treatment stage before flowing 
into the wetland. The design and size of the wetland is 
dependent on hydraulic and organic loads. Generally, a 
surface area of about 1 to 3 m2 per person equivalent 
is required. Each filter should have an impermeable lin-
er and an effluent collection system. A ventilation pipe 
connected to the drainage system can contribute to aer-
obic conditions in the filter. Structurally, there is a layer 
of gravel for drainage (a minimum of 20 cm), followed 
by layers of sand and gravel. Depending on the climate, 
Phragmites australis (reed), Typha sp. (cattails) or Echi-
nochloa pyramidalis are common plant options. Testing 
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may be required to determine the suitability of locally 
available plants with the specific wastewater.
Due to good oxygen transfer, vertical flow wetlands 
have the ability to nitrify, but denitrification is limited. In 
order to create a nitrification-denitrification treatment 
train, this technology can be combined with a Free-Wa-
ter Surface or Horizontal Flow Wetland (T.7 and T.8).
Appropriateness The vertical flow constructed wet-
land is a good treatment for communities that have 
primary treatment (e.g., Septic Tanks, S.9), but are 
looking to achieve a higher quality effluent. Because of 
the mechanical dosing system, this technology is most 
appropriate where trained maintenance staff, constant 
power supply, and spare parts are available. Since ver-
tical flow constructed wetlands are able to nitrify, they 
can be an appropriate technology in the treatment pro-
cess for wastewater with high ammonium concentra-
tions. Vertical flow constructed wetlands are best suit-
ed to warm climates, but can be designed to tolerate 
some freezing and periods of low biological activity.
Health Aspects/Acceptance Pathogen removal 
is accomplished by natural decay, predation by higher 
organisms, and filtration. The risk of mosquito breed-
ing is low since there is no standing water. The system 
is generally aesthetic and can be integrated into wild 
areas or parklands. Care should be taken to ensure that 
people do not come in contact with the influent because 
of the risk of infection.
Operation & Maintenance During the first growing 
season, it is important to remove weeds that can com-
pete with the planted wetland vegetation. Distribution 
pipes should be cleaned once a year to remove sludge 
and biofilm that might block the holes. With time, the 
gravel will become clogged by accumulated solids and 
bacterial film. Resting intervals may restore the hydrau-
lic conductivity of the bed. If this does not help, the 
accumulated material has to be removed and clogged 
parts of the filter material replaced. Maintenance activ-
ities should focus on ensuring that primary treatment is 
effective at reducing the concentration of solids in the 
wastewater before it enters the wetland. Maintenance 
should also ensure that trees do not grow in the area as 
the roots can harm the liner.
Pros & Cons
+  High reduction of BOD, suspended solids and patho-
gens
+  Ability to nitrify due to good oxygen transfer
+  Does not have the mosquito problems of the 
Free-Water Surface Constructed Wetland
+  Less clogging than in a Horizontal Subsurface Flow 
Constructed Wetland
+  Requires less space than a Free-Water Surface or 
Horizontal Flow Wetland
+  Low operating costs
-  Requires expert design and construction, particular-
ly, the dosing system
-  Requires more frequent maintenance than a Horizon-
tal Subsurface Flow Constructed Wetland 
-  A constant source of electrical energy may be 
required
-  Long start-up time to work at full capacity
-  Not all parts and materials may be locally available 
References & Further Reading
_	Brix,	H.	and	Arias,	C.	A.	(2005).	The Use of Vertical Flow 
Constructed Wetlands for on-Site Treatment of Domestic 
Wastewater: New Danish Guidelines.	Ecological	Engineering	
25	(5):	491-500.
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems.	WCB/McGraw-
Hill,	New	York,	US.	pp.	599-609.	
(Comprehensive	summary	chapter	including	solved	prob-
lems)
_	Kadlec,	R.	H.	and	Wallace,	S.	D.	(2009).	Treatment Wetlands,	
2nd	Ed.	CRC	Press,	Taylor	&	Francis	Group,	Boca	Raton,	US.
_	UN-HABITAT	(2008).	Constructed Wetlands Manual. UN-HAB-
ITAT	Water	for	Asian	Cities	Programme.	Kathmandu,	NP.	
Available	at:	www.unhabitat.org
_	U.S.	EPA	(2000).	Constructed Wetlands Treatment of Munic-
ipal Wastewaters. EPA/625/R-99/010.	U.S.	Environmental	
Protection	Agency,	Washington,	D.C.,	US.		
Available	at:	www.epa.gov
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Trickling Filter
T8: TRICKLING FILTER  99
feed pipe
outlet
air
filter
sprinkler
collection
filter support
Applicable to:
Systems 1, 6-9
A trickling filter is a fixed-bed, biological reactor that 
operates under (mostly) aerobic conditions. Pre-set-
tled wastewater is continuously ‘trickled’ or sprayed 
over the filter. As the water migrates through the 
pores of the filter, organics are degraded by the bio-
film covering the filter material.
The trickling filter is filled with a high specific surface 
area material, such as rocks, gravel, shredded PVC 
bottles, or special pre-formed plastic filter media. A 
high specific surface provides a large area for biofilm 
formation. Organisms that grow in the thin biofilm over 
the surface of the media oxidize the organic load in the 
wastewater to carbon dioxide and water, while generat-
ing new biomass.
The incoming pre-treated wastewater is ‘trickled’ over 
the filter, e.g., with the use of a rotating sprinkler. In 
this way, the filter media goes through cycles of being 
dosed and exposed to air. However, oxygen is depleted 
within the biomass and the inner layers may be anoxic 
or anaerobic.
Design Considerations The filter is usually 1 to 
2.5 m deep, but filters packed with lighter plastic filling 
can be up to 12 m deep. The ideal filter material is low-
cost and durable, has a high surface to volume ratio, is 
light, and allows air to circulate. Whenever it is available, 
crushed rock or gravel is the cheapest option. The par-
ticles should be uniform and 95% of them should have a 
diameter between 7 and 10 cm. A material with a specif-
ic surface area between 45 and 60 m2/m3 for rocks and 
90 to 150 m2/m3 for plastic packing is normally used. 
Larger pores (as in plastic packing) are less prone to 
clogging and provide for good air circulation. Primary 
treatment is also essential to prevent clogging and to 
ensure efficient treatment.
Adequate air flow is important to ensure sufficient treat-
ment performance and prevent odours. The underdrains 
should provide a passageway for air at the maximum 
filling rate. A perforated slab supports the bottom of 
the filter, allowing the effluent and excess sludge to be 
collected. The trickling filter is usually designed with a 
recirculation pattern for the effluent to improve wetting 
and flushing of the filter material.
With time, the biomass will grow thick and the attached 
layer will be deprived of oxygen; it will enter an endoge-
nous state, will lose its ability to stay attached and will 
slough off. High-rate loading conditions will also cause 
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sloughing. The collected effluent should be clarified in a 
settling tank to remove any biomass that may have dis-
lodged from the filter. The hydraulic and nutrient loading 
rate (i.e., how much wastewater can be applied to the 
filter) is determined based on the characteristics of the 
wastewater, the type of filter media, the ambient tem-
perature, and the discharge requirements.
Appropriateness This technology can only be used 
following primary clarification since high solids loading 
will cause the filter to clog. A low-energy (gravity) trick-
ling system can be designed, but in general, a continu-
ous supply of power and wastewater is required.
Compared to other technologies (e.g., Waste Stabiliza-
tion Ponds, T.5), trickling filters are compact, although 
they are still best suited for peri-urban or large, rural 
settlements.
Trickling filters can be built in almost all environments, 
but special adaptations for cold climates are required.
Health Aspects/Acceptance Odour and fly prob-
lems require that the filter be built away from homes 
and businesses. Appropriate measures must be taken 
for pre- and primary treatment, effluent discharge and 
solids treatment, all of which can still pose health risks.
Operation & Maintenance A skilled operator is 
required to monitor the filter and repair the pump in 
case of problems. The sludge that accumulates on the 
filter must be periodically washed away to prevent clog-
ging and keep the biofilm thin and aerobic. High hydrau-
lic loading rates (flushing doses) can be used to flush 
the filter. Optimum dosing rates and flushing frequency 
should be determined from the field operation.
The packing must be kept moist. This may be problem-
atic at night when the water flow is reduced or when 
there are power failures.
Snails grazing on the biofilm and filter flies are well 
known problems associated with trickling filters and 
must be handled by backwashing and periodic flooding.
Pros & Cons
+  Can be operated at a range of organic and hydraulic 
loading rates
+  Efficient nitrification (ammonium oxidation)
+  Small land area required compared to constructed 
wetlands
-  High capital costs
-  Requires expert design and construction, particular-
ly, the dosing system
-  Requires operation and maintenance by skilled per-
sonnel
-  Requires a constant source of electricity and con-
stant wastewater flow
-  Flies and odours are often problematic
-  Risk of clogging, depending on pre- and primary 
treatment
-  Not all parts and materials may be locally available 
References & Further Reading
_	Tchobanoglous,	G.,	Burton,	F.	L.	and	Stensel,	H.	D.	(2004).	
Wastewater Engineering: Treatment and Reuse,	Metcalf	&	
Eddy,	4th	Ed.	(Internat.	Ed.).	McGraw-Hill,	New	York,	US.	pp.	
890-930.		
(Detailed	description	and	example	calculations)
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009). Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide. WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.
_	U.S.	EPA	(2000).	Wastewater Technology Fact Sheet. Trickling 
Filters.	832-F-00-014.	U.S.	Environmental	Protection	Agen-
cy,	Washington,	D.C.,	US.		
Available	at:	www.epa.gov		
(Design	summary	including	tips	for	trouble	shooting)
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Upflow Anaerobic Sludge Blanket Reactor (UASB)
T9: UPFLOW ANAEROBIC SLUDGE BLANKET 101
outlet
inlet
biogas
gas
bubbles sludge granule
Applicable to:
Systems 1, 6-9
The upflow anaerobic sludge blanket reactor (UASB) 
is a single tank process. Wastewater enters the 
reactor from the bottom, and flows upward. A sus-
pended sludge blanket filters and treats the waste-
water as the wastewater flows through it.
The sludge blanket is comprised of microbial gran-
ules (1 to 3 mm in diameter), i.e., small agglomer-
ations of microorganisms that, because of their 
weight, resist being washed out in the upflow. The 
microorganisms in the sludge layer degrade organic 
compounds. As a result, gases (methane and car-
bon dioxide) are released. The rising bubbles mix 
the sludge without the assistance of any mechanical 
parts. Sloped walls deflect material that reaches the 
top of the tank downwards. The clarified effluent is 
extracted from the top of the tank in an area above 
the sloped walls.
After several weeks of use, larger granules of sludge 
form which, in turn, act as filters for smaller particles 
as the effluent rises through the cushion of sludge. 
Because of the upflow regime, granule-forming organ-
isms are preferentially accumulated as the others are 
washed out. 
Design Considerations Critical elements for the 
design of UASB reactors are the influent distribution 
system, the gas-solids separator, and the effluent with-
drawal design. The gas that rises to the top is collected 
in a gas collection dome and can be used as energy 
(biogas). An upflow velocity of 0.7 to 1 m/h must be 
maintained to keep the sludge blanket in suspension. 
Primary settling is usually not required before the UASB.
Appropriateness A UASB is not appropriate for 
small or rural communities without a constant water 
supply or electricity. The technology is relatively sim-
ple to design and build, but developing the granulated 
sludge may take several months. The UASB reactor has 
the potential to produce higher quality effluent than 
Septic Tanks (S.9), and can do so in a smaller reac-
tor volume. Although it is a well-established process 
for large-scale industrial wastewater treatment and 
high organic loading rates up to 10 kg BOD/m3/d, its 
application to domestic sewage is still relatively new. 
It is often used for brewery, distillery, food processing 
and pulp and paper waste since the process typically 
removes 80 to 90% of COD. Where the influent is low-
strength or where it contains too many solids, proteins 
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or fats, the reactor may not work properly. Temperature 
is also a key factor affecting the performance.
Health Aspects/Acceptance The operators should 
take proper health and safety measures while working 
in the plant, such as adequate protective clothing. Efflu-
ent and sludge still pose a health risk and should not be 
directly handled.
Operation & Maintenance The UASB is a Cen-
tralized Treatment technology that must be operated 
and maintained by professionals. A skilled operator is 
required to monitor the reactor and repair parts, e.g., 
pumps, in case of problems. Desludging is infrequent 
and only excess sludge is removed every 2 to 3 years.
Pros & Cons
+  High reduction of BOD
+  Can withstand high organic and hydraulic loading rates
+  Low sludge production (and, thus, infrequent 
desludging required)
+  Biogas can be used for energy (but usually first 
requires scrubbing)
-  Treatment may be unstable with variable hydraulic 
and organic loads
-  Requires operation and maintenance by skilled 
personnel; difficult to maintain proper hydraulic con-
ditions (upflow and settling rates must be balanced)
-  Long start-up time
-  A constant source of electricity is required
-  Not all parts and materials may be locally available 
-  Requires expert design and construction
-  Effluent and sludge require further treatment and/or 
appropriate discharge
References & Further Reading
_	Lettinga,	G.,	Roersma,	R.	and	Grin,	P.	(1983).	Anaerobic 
Treatment of Raw Domestic Sewage at Ambient Temperatures 
Using a Granular Bed UASB Reactor.	Biotechnology	and	
Bioengineering	25	(7):	1701-1723.	
(The	first	paper	describing	the	process)	
_	von	Sperling,	M.	and	de	Lemos	Chernicharo,	C.	A.	(2005).	
Biological Wastewater Treatment in Warm Climate Regions, 
Volume One. IWA	Publishing,	London,	UK.	pp.	741-804.		
Available	at:	www.iwawaterwiki.org		
(Detailed	design	information)
_	Tare,	V.	and	Nema,	A.	(n.d.).	UASB Technology – Expecta-
tions and Reality. United	Nations	Asian	and	Pacific	Centre	
for	Agricultural	Engineering	and	Machinery,	Beijing,	CN.		
Available	at:	www.unapcaem.org		
(Assessment	of	UASB	installations	in	India)
_	Tchobanoglous,	G.,	Burton,	F.	L.	and	Stensel,	H.	D.	(2004).	
Wastewater Engineering: Treatment and Reuse,	Metcalf	&	
Eddy,	4th	Ed.	(Internat.	Ed.).	McGraw-Hill,	New	York,	US.	pp.	
1005-1016.	
(Detailed	description	and	design	information)
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide. WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.	
(Short	overview)
_	Vigneswaran,	S.,	Balasuriya,	B.	L.	N.	and	Viraraghavan,	
T.	(1986).	Environmental Sanitation Reviews. Anaerobic 
Wastewater Treatment – Attached Growth and Sludge Blanket 
Process.	Environmental	Sanitation	Information	Center,	AIT,	
Bangkok,	TH.		
(Good	technical	overview	–	Chapter	5)
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Activated Sludge
compressed air
recirculation extracted sludge
clarifier
T10: ACTIVATED SLUDGE  103
sludge
inlet outlet
Applicable to:
Systems 1, 6-9
An activated sludge process refers to a multi-cham-
ber reactor unit that makes use of highly concen-
trated microorganisms to degrade organics and 
remove nutrients from wastewater to produce a 
high-quality effluent. To maintain aerobic condi-
tions and to keep the activated sludge suspended, 
a continuous and well-timed supply of oxygen is 
required.
Different configurations of the activated sludge process 
can be employed to ensure that the wastewater is mixed 
and aerated in an aeration tank. Aeration and mixing 
can be provided by pumping air or oxygen into the tank 
or by using surface aerators. The microorganisms oxi-
dize the organic carbon in the wastewater to produce 
new cells, carbon dioxide and water. Although aerobic 
bacteria are the most common organisms, facultative 
bacteria along with higher organisms can be present. 
The exact composition depends on the reactor design, 
environment, and wastewater characteristics. 
The flocs (agglomerations of sludge particles), which 
form in the aerated tank, can be removed in the sec-
ondary clarifier by gravity settling. Some of this sludge 
is recycled from the clarifier back to the reactor. The 
effluent can be discharged or treated in a tertiary treat-
ment facility if necessary for further use. 
Design Considerations Activated sludge process-
es are one part of a complex treatment system. They 
are usually used after primary treatment (that removes 
settleable solids) and are sometimes followed by a final 
polishing step (see POST, p.136). The biological process-
es that occur are effective at removing soluble, colloidal 
and particulate materials. The reactor can be designed 
for biological nitrification and denitrification, as well as 
for biological phosphorus removal. 
The design must be based on an accurate estimation 
of the wastewater composition and volume. Treatment 
efficiency can be severely compromised if the plant is 
under- or over-dimensioned. Depending on the tem-
perature, the solids retention time (SRT) in the reactor 
ranges from 3 to 5 days for BOD removal, to 3 to 18 
days for nitrification. 
The excess sludge requires treatment to reduce its 
water and organic content and to obtain a stabilized 
product suitable for end-use or final disposal. It is 
important to consider this step in the planning phase of 
the treatment plant.
T.12
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public


Inputs:    Effluent    Blackwater  
 Brownwater    Greywater 
Outputs:    Effluent    Sludge   
C
o
m
p
e
n
d
iu
m
 o
f 
S
an
it
at
io
n
 S
y
st
e
m
s 
an
d
 T
e
ch
n
o
lo
g
ie
s
F
u
n
ct
io
n
al
 G
ro
u
p
 T
: (
S
e
m
i-
) 
C
e
n
tr
al
iz
e
d
 T
re
at
m
e
n
t
1
2
5
POST
To achieve specific effluent goals for BOD, nitrogen and 
phosphorus, different adaptations and modifications 
have been made to the basic activated sludge design. 
Well known modifications include sequencing batch 
reactors (SBR), oxidation ditches, extended aeration, 
moving beds and membrane bioreactors.
Appropriateness An activated sludge process is only 
appropriate for a Centralized Treatment facility with a 
well-trained staff, constant electricity and a highly 
developed management system that ensures that the 
facility is correctly operated and maintained.
Because of economies of scale and less fluctuating 
influent characteristics, this technology is more effec-
tive for the treatment of large volumes of flows.
An activated sludge process is appropriate in almost 
every climate. However, treatment capacity is reduced 
in colder environments.
Health Aspects/Acceptance Because of space 
requirements and odours, Centralized Treatment facil-
ities are generally located in the periphery of densely 
populated areas. Although the effluent produced is of 
high quality, it still poses a health risk and should not 
be directly handled. In the excess sludge pathogens are 
substantially reduced, but not eliminated. 
Operation & Maintenance Highly trained staff 
is required for maintenance and trouble-shooting. The 
mechanical equipment (mixers, aerators and pumps) 
must be constantly maintained. As well, the influent and 
effluent must be constantly monitored and the control 
parameters adjusted, if necessary, to avoid abnormali-
ties that could kill the active biomass and the develop-
ment of detrimental organisms which could impair the 
process (e.g., filamentous bacteria).
Pros & Cons
+  Resistant to organic and hydraulic shock loads
+  Can be operated at a range of organic and hydraulic 
loading rates
+  High reduction of BOD and pathogens (up to 99%)
+  High nutrient removal possible
+  Can be modified to meet specific discharge limits
-  High energy consumption, a constant source of 
electricity is required
-  High capital and operating costs
-  Requires operation and maintenance by skilled per-
sonnel
-  Prone to complicated chemical and microbiological 
problems
-  Not all parts and materials may be locally available 
-  Requires expert design and construction
-  Sludge and possibly effluent require further treat-
ment and/or appropriate discharge
References & Further Reading
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems. WCB/McGraw-
Hill,	New	York,	US.	pp.	451-504.	
(Comprehensive	summary	including	solved	problems)
_	Ludwig,	H.	F.	and	Mohit,	K.	(2000).	Appropriate Technology 
for Municipal Sewerage/Excreta Management in Developing 
Countries, Thailand Case Study. The	Environmentalist	20	(3):	
215-219.		
(Assessment	of	the	appropriateness	of	activated	sludge	for	
Thailand)
_	von	Sperling,	M.	and	de	Lemos	Chernicharo,	C.	A.	(2005).	
Biological Wastewater Treatment in Warm Climate Regions, 
Volume Two.	IWA	Publishing,	London,	UK.	
Available	at:	www.iwawaterwiki.org
_	Tchobanoglous,	G.,	Burton,	F.	L.	and	Stensel,	H.	D.	(2004).	
Wastewater Engineering: Treatment and Reuse,	Metcalf	&	
Eddy,	4th	Ed.	(Internat.	Ed.).	McGraw-Hill,	New	York,	US.	
(Detailed	design	information)
T.12
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Sedimentation / Thickening Ponds
T11: SEDIMENTATION/ THICKENING PONDS 105
thickened sludge 
scum
supernatant
ramp for desludging
grit chamber
screen liquid outlet
baffle
Applicable to:
Systems 1, 6-9
Sedimentation or thickening ponds are settling 
ponds that allow sludge to thicken and dewater. The 
effluent is removed and treated, while the thickened 
sludge can be further treated in a subsequent tech-
nology.
Faecal sludge is not a uniform product and, therefore, 
its treatment must be specific to the characteristics 
of the sludge. Sludge, which is still rich in organics 
and has not undergone significant degradation, is dif-
ficult to dewater. Conversely, sludge that has under-
gone significant anaerobic degradation, is more easily 
dewatered.
In order to be properly dried, fresh sludge rich in organic 
matter (e.g., latrine or public toilet sludge) must first be 
stabilized. Allowing the sludge to degrade anaerobi-
cally in sedimentation/thickening ponds can do this. 
The same type of pond can be used to thicken sludge 
which is already partially stabilized (e.g., originating 
from Septic Tanks, S.9), although it undergoes less 
degradation and requires more time to settle. The 
degradation process may actually hinder the settling 
of sludge because the gases produced bubble up and 
re-suspend the solids. 
As the sludge settles and digests, the supernatant must 
be decanted and treated separately. The thickened 
sludge can then be dried or further composted.
Design Considerations Two tanks operating in par-
allel are required; one can be operated, while the oth-
er is emptied. To achieve maximum efficiency, loading 
and resting periods should not exceed 4 to 5 weeks, 
although much longer cycles are common. When a 
4-week loading and 4-week resting cycle is used, total 
solids (TS) can be increased to 14% (depending on the 
initial concentration).
Appropriateness Sedimentation/thickening ponds 
are appropriate where there is inexpensive, available 
space located far from homes and businesses; it should 
be established at the border of the community. The 
thickened sludge is still infectious, although it is easier 
to handle and less prone to splashing and spraying.
Trained staff for operation and maintenance is required 
to ensure proper functioning.
This is a low-cost option that can be installed in most 
hot and temperate climates. Excessive rain may prevent 
the sludge from properly settling and thickening.
T.13
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public


Inputs:    Sludge
 
Outputs:    Sludge    Effluent   
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POST
Health Aspects/Acceptance Both the incoming 
and thickened sludge are pathogenic; therefore, work-
ers should be equipped with proper protection (boots, 
gloves, and clothing). The thickened sludge is not sani-
tized and requires further treatment (at least in a drying 
process) before disposal or end-use. 
The ponds may cause a nuisance for nearby residents 
due to bad odours and the presence of flies. Thus, they 
should be located sufficiently away from residential 
areas.
Operation & Maintenance Maintenance is an 
important aspect of well-functioning ponds, but it is not 
intensive. The discharging area must be maintained and 
kept clean to reduce the potential of disease transmis-
sion and nuisance (flies and odours). Solid waste that is 
discharged along with the sludge must be removed from 
the screen at the inlet of the ponds.
The thickened sludge must be mechanically removed 
(with a front end loader or other specialized equipment) 
after it has sufficiently thickened.
Pros & Cons
+  Thickened sludge is easier to handle and less prone 
to splashing and spraying
+  Can be built and repaired with locally available  
materials
+  Relatively low capital costs; low operating costs
+  No electrical energy is required
-  Requires a large land area
-  Odours and flies are normally noticeable
-  Long storage times
-  Requires front-end loader for desludging
-  Requires expert design and construction
-  Effluent and sludge require further treatment
References & Further Reading 
_	Heinss,	U.,	Larmie,	S.	A.	and	Strauss,	M.	(1998).	Solids 
Separation and Pond Systems for the Treatment of Faecal 
Sludges in the Tropics – Lessons Learnt and Recommenda-
tions for Preliminary Design. 2nd	Ed.	Report	05/98.	Eawag	
(Department	Sandec),	Dübendorf,	CH.		
Available	at:	www.sandec.ch	
_	Heinss,	U.,	Larmie,	S.	A.	and	Strauss,	M.	(1999).	Character-
istics of Faecal Sludges and Their Solids-Liquid Separation.	
Eawag	(Department	Sandec),	Dübendorf,	CH.		
Available	at:	www.sandec.ch	
_	Montangero,	A.	and	Strauss,	M.	(2002).	Faecal Sludge Treat-
ment.	Lecture	Notes,	UNESCO-IHE,	Delft,	NL.		
Available	at:	www.sandec.ch	
_	Strande,	L.,	Ronteltap,	M.	and	Brdjanovic,	D.	(Eds.)	(2014).	
Faecal Sludge Management. Systems Approach for Imple-
mentation and Operation. IWA	Publishing,	London,	UK.	
Available	at:	www.sandec.ch	
(Detailed	book	compiling	the	current	state	of	knowledge	on	
all	aspects	related	to	FSM)
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Unplanted Drying Beds
T10: UNPLANTED DRYING BEDS  107
drainage water, to treatment
outlet
drainage layer
80
cm
Applicable to:
Systems 1, 6-9
An unplanted drying bed is a simple, permeable bed 
that, when loaded with sludge, collects percolated 
leachate and allows the sludge to dry by evapora-
tion. Approximately 50% to 80% of the sludge vol-
ume drains off as liquid or evaporates. The sludge, 
however, is not effectively stabilized or sanitized.
The bottom of the drying bed is lined with perforat-
ed pipes to drain the leachate away that percolates 
through the bed. On top of the pipes are layers of 
gravel and sand that support the sludge and allow the 
liquid to infiltrate and collect in the pipe. It should not 
be applied in layers that are too thick (maximum 20 cm), 
or the sludge will not dry effectively. The final moisture 
content after 10 to 15 days of drying should be approx-
imately 60%. When the sludge is dried, it must be sep-
arated from the sand layer and transported for further 
treatment, end-use or final disposal. The leachate that 
is collected in the drainage pipes must also be treated 
properly, depending on where it is discharged.
Design Considerations The drainage pipes are cov-
ered by 3-5 graded layers of gravel and sand. The bot-
tom layer should be coarse gravel and the top fine sand 
(0.1 to 0.5 mm effective grain size). The top sand layer 
should be 250 to 300 mm thick because some sand will 
be lost each time the sludge is removed.
To improve drying and percolation, sludge application 
can alternate between two or more beds. The inlet 
should be equipped with a splash plate to prevent ero-
sion of the sand layer and to allow for even distribution 
of the sludge.
Designing unplanted drying beds has to consider future 
maintenance because ensuring access to people and 
trucks for pumping in the sludge and removing the dried 
sludge is essential.
If installed in wet climates, the facility should be cov-
ered by a roof and special caution should be given to 
prevent the inflow of surface runoff.
Appropriateness Sludge drying is an effective way 
to decrease the volume of sludge, which is especially 
important when it has to be transported elsewhere for 
further treatment, end-use or disposal. The technol-
ogy is not effective at stabilizing the organic fraction 
or decreasing the pathogenic content. Further storage 
or treatment (e.g., Co-Composting, T.16) of the dried 
sludge might be required.
T.14
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public


Inputs:    Sludge
 
Outputs:    Sludge    Effluent   
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Unplanted drying beds are appropriate for small to 
medium communities with populations up to 100,000 
people, but larger ones also exist for huge urban agglom-
erations. They are best suited for rural and peri-urban 
areas where there is inexpensive, available space situ-
ated far from homes and businesses. If designed to 
service urban areas, unplanted drying beds should be 
at the border of the community, but within economic 
reach for Motorized Emptying operators. 
This is a low-cost option that can be installed in most 
hot and temperate climates. Excessive rain may prevent 
the sludge from properly drying.
Health Aspects/Acceptance Both the incoming 
and dried sludge are pathogenic; therefore, workers 
should be equipped with proper protection (boots, 
gloves, and clothing). The dried sludge and effluent are 
not sanitized and may require further treatment or stor-
age, depending on the desired end-use.
The drying bed may cause a nuisance for nearby resi-
dents due to bad odours and the presence of flies. Thus, 
it should be located sufficiently away from residential 
areas.
Operation & Maintenance Trained staff for opera-
tion and maintenance is required to ensure proper func-
tioning. 
Dried sludge can be removed after 10 to 15 days, but 
this depends on the climate conditions. Because some 
sand is lost with every removal of sludge, the top layer 
must be replaced when it gets thin. The discharge area 
must be kept clean and the effluent drains should be 
regularly flushed. 
Pros & Cons
+  Good dewatering efficiency, especially in dry and hot 
climates
+  Can be built and repaired with locally available mate-
rials
+  Relatively low capital costs; low operating costs
+  Simple operation, only infrequent attention required
+  No electrical energy is required
-  Requires a large land area
-  Odours and flies are normally noticeable
-  Labour intensive removal
-  Limited stabilization and pathogen reduction
-  Requires expert design and construction
-  Leachate requires further treatment
References & Further Reading
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems. WCB/McGraw-
Hill,	New	York,	US.
_	Heinss,	U.	and	Koottatep,	T.	(1998).	Use of Reed Beds for 
Faecal Sludge Dewatering. A Synopsis of Reviewed Literature 
and Interim Results of Pilot Investigations with Septage Treat-
ment in Bangkok, Thailand.	Eawag	(Department	Sandec),	
Dübendorf,	CH	and	AIT,	Bangkok,	TH.	
Available	at:	www.sandec.ch		
(Comparison	to	planted	drying	beds)
_	Montangero,	A.	and	Strauss,	M.	(2002).	Faecal Sludge Treat-
ment.	Lecture	Notes,	UNESCO-IHE,	Delft,	NL.		
Available	at:	www.sandec.ch
_	Strande,	L.,	Ronteltap,	M.	and	Brdjanovic,	D.	(Eds.)	(2014).	
Faecal Sludge Management. Systems Approach for Imple-
mentation and Operation. IWA	Publishing,	London,	UK.	
Available	at:	www.sandec.ch	
(Detailed	book	compiling	the	current	state	of	knowledge	on	
all	aspects	related	to	FSM)
_	Tchobanoglous,	G.,	Burton,	F.	L.	and	Stensel,	H.	D.	(2004).	
Wastewater Engineering: Treatment and Reuse,	Metcalf	&	
Eddy,	4th	Ed.	(Internat.	Ed.).	McGraw-Hill,	New	York,	US.
T.14
C
o
m
p
e
n
d
iu
m
 o
f 
S
an
it
at
io
n
 S
y
st
e
m
s 
an
d
 T
e
ch
n
o
lo
g
ie
s
F
u
n
ct
io
n
al
 G
ro
u
p
 T
: (
S
e
m
i-
) 
C
e
n
tr
al
iz
e
d
 T
re
at
m
e
n
t
1
3
0
Planted Drying Beds
T13: PLANTED DRYING BEDS 109
 ventilation pipe
wall 
drainage pipemesh sandgravel/rocks
plantssludge
outletdrainage layer
grit chamber
screen
Applicable to:
Systems 1, 6-9
A planted drying bed is similar to an Unplanted Dry-
ing Bed (T.14), but has the added benefit of transpi-
ration and enhanced sludge treatment due to the 
plants. The key improvement of the planted bed over 
the unplanted bed is that the filters do not need to 
be desludged after each feeding/drying cycle. Fresh 
sludge can be directly applied onto the previous 
layer; the plants and their root systems maintain 
the porosity of the filter.
This technology has the benefit of dewatering and sta-
bilizing the sludge. Also, the roots of the plants create 
pathways through the thickening sludge that allow water 
to easily escape.
The appearance of the bed is similar to a Vertical Flow 
Constructed Wetland (T.9). The beds are filled with sand 
and gravel to support the vegetation. Instead of effluent, 
sludge is applied to the surface and the filtrate flows 
down through the subsurface where it is collected in 
drains. 
Design Considerations Ventilation pipes connect-
ed to the drainage system contribute to aerobic condi-
tions in the filter. A general design for layering the bed 
is: (1) 250 mm of coarse gravel (grain diameter of 20 
mm); (2) 250 mm of fine gravel (grain diameter of 5 
mm); and (3) 100 to 150 mm of sand. Free space (1 m) 
should be left above the top of the sand layer to account 
for about 3 to 5 years of accumulation. 
Reeds (Phragmites sp.), cattails (Typha sp.) antelope 
grass (Echinochloa sp.) and papyrus (Cyperus papyrus) 
are suitable plants, depending on the climate. Local, 
non-invasive species can be used if they grow in humid 
environments, are resistant to salty water and readily 
reproduce after cutting.
Sludge should be applied in layers between 75 to 100 
mm thick and reapplied every 3 to 7 days, depending on 
the sludge characteristics, the environment and oper-
ating constraints. Sludge application rates of 100 to 
250 kg/m2/year have been reported in warm tropical 
climates. In colder climates, such as northern Europe, 
rates up to 80 kg/m2/year are typical. Two or more par-
allel beds can be alternately used to allow for sufficient 
degradation and pathogen reduction of the top layer of 
sludge before it is removed.
The leachate that is collected in the drainage pipes 
must be treated properly, depending on where it is dis-
charged.
T.15
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public


Inputs:    Sludge
 
Outputs:    Sludge    Effluent    Biomass
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Appropriateness This technology is effective at 
decreasing the sludge volume (down to 50%) through 
decomposition and drying, which is especially important 
when the sludge needs to be transported elsewhere for 
end-use or disposal.
Because of their area requirements, planted drying 
beds are most appropriate for small to medium commu-
nities with populations up to 100,000 people, but they 
can also be used in bigger cities. If designed to service 
urban areas, planted drying beds should be at the bor-
der of the community, but within economic reach for 
motorized emptying operators.
Health Aspects/Acceptance Because of the 
pleasing aesthetics, there should be few problems with 
acceptance, especially if located sufficiently away from 
dense housing. Undisturbed plantations can attract 
wildlife, including poisonous snakes. 
Faecal sludge is hazardous and anyone working with it 
should wear protective clothing, boots and gloves. The 
degree of pathogen reduction in the sludge will vary 
with the climate. Depending on the desired end-use, 
further storage and drying might be required.
Operation & Maintenance Trained staff for opera-
tion and maintenance is required to ensure proper func-
tioning. The drains must be maintained and the effluent 
properly collected and disposed of. The plants should 
have grown sufficiently before applying the sludge. The 
acclimation phase is crucial and requires much care. 
The plants should be periodically thinned and/or har-
vested. After 3 to 5 years the sludge can be removed.
Pros & Cons
+  Can handle high loading
+  Better sludge treatment than in Unplanted Drying 
Beds
+  Can be built and repaired with locally available  
materials
+  Relatively low capital costs; low operating costs
+  Fruit or forage growing in the beds can generate 
income
+  No electrical energy required
-  Requires a large land area
-  Odours and flies may be noticeable
-  Long storage times
-  Labour intensive removal
-  Requires expert design and construction
-  Leachate requires further treatment
References & Further Reading
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems.	WCB/McGraw-
Hill,	New	York,	US.
_	Heinss,	U.	and	Koottatep,	T.	(1998).	Use of Reed Beds for 
Faecal Sludge Dewatering. A Synopsis of Reviewed Literature 
and Interim Results of Pilot Investigations with Septage Treat-
ment in Bangkok, Thailand.	Eawag	(Department	Sandec),	
Dübendorf,	CH	and	AIT,	Bangkok,	TH.	
Available	at:	www.sandec.ch	
_	Kengne	Noumsi,	I.	M.	(2008).	Potentials of Sludge Drying 
Beds Vegetated with Cyperus papyrus L. and Echinochloa 
pyramidalis (Lam.) Hitchc. & Chase for Faecal Sludge Treat-
ment in Tropical Regions	[PhD	dissertation].	University	of	
Yaounde,	Yaounde,	CM.	
Available	at:	www.north-south.unibe.ch
_	Koottatep,	T.,	Surinkul,	N.,	Polprasert,	C.,	Kamal,	A.	S.	
M.,	Koné,	D.,	Montangero,	A.,	Heinss,	U.	and	Strauss,	M.	
(2005).	Treatment of Septage in Constructed Wetlands in 
Tropical Climate – Lessons Learnt after Seven Years of Oper-
ation. Water	Science	&	Technology	51	(9):	119-126.		
Available	at:	www.sandec.ch
_	Strande,	L.,	Ronteltap,	M.	and	Brdjanovic,	D.	(Eds.)	(2014).	
Faecal Sludge Management. Systems Approach for Imple-
mentation and Operation.	IWA	Publishing,	London,	UK.	
Available	at:	www.sandec.ch	
(Detailed	book	compiling	the	current	state	of	knowledge	on	
all	aspects	related	to	FSM)
_	Tchobanoglous,	G.,	Burton,	F.	L.	and	Stensel,	H.	D.	(2004).	
Wastewater	Engineering:	Treatment	and	Reuse,	Metcalf	&	
Eddy,	4th	Ed.	(Internat.	Ed.).	McGraw-Hill,	New	York,	US.	p.	
1578.
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Co-Composting 
T12: CO-COMPOSTING 111
sludge sludge + organicsorganics
Applicable to:
Systems 1, 6-9
Co-composting is the controlled aerobic degrada-
tion of organics, using more than one feedstock 
(faecal sludge and organic solid waste). Faecal 
sludge has a high moisture and nitrogen content, 
while biodegradable solid waste is high in organ-
ic carbon and has good bulking properties (i.e., it 
allows air to flow and circulate). By combining the 
two, the benefits of each can be used to optimize 
the process and the product.
There are two types of co-composting designs: 
open and in-vessel. In open composting, the mixed 
material (sludge and solid waste) is piled into long 
heaps called windrows and left to decompose. Wind-
row piles are periodically turned to provide oxygen 
and ensure that all parts of the pile are subjected 
to the same heat treatment. In-vessel composting 
requires controlled moisture and air supply, as well 
as mechanical mixing. Therefore, it is not general-
ly appropriate for decentralized facilities. Although 
the composting process seems like a simple, passive 
technology, a well-functioning facility requires care-
ful planning and design to avoid failure.
Design Considerations The facility should be locat-
ed close to the sources of organic waste and faecal 
sludge to minimize transport costs, but still at a distance 
away from homes and businesses to minimize nuisanc-
es. Depending on the climate and available space, the 
facility may be covered to prevent excess evaporation 
and/or provide protection from rain and wind.
For dewatered sludge, a ratio of 1:2 to 1:3 of sludge 
to solid waste should be used. Liquid sludge should be 
used at a ratio of 1:5 to 1:10 of sludge to solid waste. 
Windrow piles should be at least 1 m high and insulated 
with compost or soil to promote an even distribution of 
heat inside the pile. 
Appropriateness A co-composting facility is only 
appropriate when there is an available source of 
well-sorted biodegradable solid waste. Solid waste con-
taining plastics and garbage must first be sorted. When 
carefully done, co-composting can produce a clean, 
pleasant, beneficial soil conditioner.
Since moisture plays an important role in the compost-
ing process, covered facilities are especially recom-
mended where there is heavy rainfall.
T.16
Application Level:
 Household
 Neighbourhood
 ity
Management Level:
 Household
 Shared
 Public




Inputs:    Sludge    Organics
 
Outputs:    Compost
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Apart from technical considerations, composting only 
makes sense if there is a demand for the product (from 
paying customers). In order to find buyers, a consist-
ent and good quality compost has to be produced; this 
depends on good initial sorting and a well-controlled 
thermophilic process.
Health Aspects/Acceptance Maintaining the tem-
perature in the pile between 55 and 60 °C can reduce 
the pathogen load in sludge to a level safe to touch 
and work with. Although the finished compost can be 
safely handled, care should be taken when dealing with 
the sludge, regardless of the previous treatment. If the 
material is found to be dusty, workers should wear pro-
tective clothing and use appropriate respiratory equip-
ment. Proper ventilation and dust control are important.
Operation & Maintenance The mixture must be 
carefully designed so that it has the proper C:N ratio, 
moisture and oxygen content. If facilities exist, it would 
be useful to monitor helminth egg inactivation as a 
proxy measure of sterilization. 
A well-trained staff is necessary for the operation and 
maintenance of the facility. Maintenance staff must 
carefully monitor the quality of the input material, and 
keep track of the inflows, outflows, turning schedules, 
and maturing times to ensure a high quality product. 
Forced aeration systems must be carefully controlled 
and monitored.
Turning must be periodically done with either a front-end 
loader or by hand. Robust grinders for shredding large 
pieces of solid waste (i.e., small branches and coconut 
shells) and pile turners help to optimize the process, 
reduce manual labour, and ensure a more homogenous 
end product.
Pros & Cons
+  Relatively straightforward to set up and maintain 
with appropriate training
+  Provides a valuable resource that can improve local 
agriculture and food production
+  A high removal of helminth eggs is possible (< 1 
viable egg/g TS)
+  Can be built and repaired with locally available  
materials
+  Low capital and operating costs
+  No electrical energy required
-  Requires a large land area (that is well located)
-  Long storage times
-  Requires expert design and operation by skilled 
personnel
-  Labour intensive
-  Compost is too bulky to be economically transported 
over long distances
References & Further Reading 
_	Hoornweg,	D.,	Thomas,	L.	and	Otten,	L.	(2000).	Composting 
and Its Applicability in Developing Countries. Urban	Waste	
Management	Working	Paper	Series	No.	8.	The	World	Bank,	
Washington,	D.C.,	US.		
Available	at:	documents.worldbank.org/curated/en/home
_	Koné,	D.,	Cofie,	O.,	Zurbrügg,	C.,	Gallizzi,	K.,	Moser,	D.,	Dre-
scher,	S.	and	Strauss,	M.	(2007).	Helminth Eggs Inactivation 
Efficiency by Faecal Sludge Dewatering and Co-Composting 
in Tropical Climates. Water	Research	41	(19):	4397-4402.
_	Obeng,	L.	A.	and	Wright,	F.	W.	(1987).	Integrated Resource 
Recovery. The Co-Composting of Domestic Solid and Human 
Wastes. The	World	Bank	and	UNDP,	Washington,	D.C.,	US.	
Available	at:	documents.worldbank.org/curated/en/home
_	Rouse,	J.,	Rothenberger,	S.	and	Zurbrügg,	C.	(2008):	
Marketing Compost, a Guide for Compost Producers in Low 
and Middle-Income Countries. Eawag	(Department	Sandec),	
Dübendorf,	CH.	
Available	at:	www.sandec.ch
_	Strande,	L.,	Ronteltap,	M.	and	Brdjanovic,	D.	(Eds.)	(2014).	
Faecal Sludge Management. Systems Approach for Imple-
mentation and Operation. IWA	Publishing,	London,	UK.	
Available	at:	www.sandec.ch	
(Detailed	book	compiling	the	current	state	of	knowledge	on	
all	aspects	related	to	FSM)
_	Strauss,	M.,	Drescher,	S.,	Zurbrügg,	C.,	Montangero,	A.,	
Cofie,	O.	and	Drechsel,	P.	(2003).	Co-Composting of Faecal 
Sludge and Municipal Organic Waste. A Literature and 
State-of-Knowledge Review. Eawag	(Department	Sandec),	
Dübendorf,	CH	and	IWMI,	Accra,	GH.	
Available	at:	www.sandec.ch
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Biogas Reactor
T17: BIOGAS REACTOR
inlet biogas pipe
biogas
outlet
access coverseal
slurry
expansion chamber
digestate
Applicable to:
Systems 1, 6-9
A biogas reactor or anaerobic digester is an anaero-
bic treatment technology that produces (a) a digest-
ed slurry (digestate) that can be used as a fertilizer 
and (b) biogas that can be used for energy. Biogas 
is a mix of methane, carbon dioxide and other trace 
gases which can be converted to heat, electricity or 
light.
A biogas reactor is an airtight chamber that facilitates 
the anaerobic degradation of blackwater, sludge, and/
or biodegradable waste. It also facilitates the collection 
of the biogas produced in the fermentation processes 
in the reactor. The gas forms in the slurry and collects 
at the top of the chamber, mixing the slurry as it rises. 
The digestate is rich in organics and nutrients, almost 
odourless and pathogens are partly inactivated.
Design Considerations Biogas reactors can 
be brick-constructed domes or prefabricated tanks, 
installed above or below ground, depending on space, 
soil characteristics, available resources and the volume 
of waste generated. They can be built as fixed dome 
or floating dome digesters. In the fixed dome, the vol-
ume of the reactor is constant. As gas is generated it 
exerts a pressure and displaces the slurry upward into 
an expansion chamber. When the gas is removed, the 
slurry flows back into the reactor. The pressure can be 
used to transport the biogas through pipes. In a float-
ing dome reactor, the dome rises and falls with the 
production and withdrawal of gas. Alternatively, it can 
expand (like a balloon). To minimize distribution losses, 
the reactors should be installed close to where the gas 
can be used.
The hydraulic retention time (HRT) in the reactor should 
be at least 15 days in hot climates and 25 days in tem-
perate climates. For highly pathogenic inputs, a HRT of 
60 days should be considered. Normally, biogas reac-
tors are operated in the mesophilic temperature range 
of 30 to 38 °C. A thermophilic temperature of 50 to 
57 °C would ensure the pathogens destruction, but can 
only be achieved by heating the reactor (although in 
practice, this is only found in industrialized countries).
Often, biogas reactors are directly connected to pri-
vate or public toilets with an additional access point for 
organic materials. At the household level, reactors can 
be made out of plastic containers or bricks. Sizes can 
vary from 1,000 L for a single family up to 100,000 L 
for institutional or public toilet applications. Because 
T.17
Application Level:
 Household
 Neighbourhood
City
Management Level:
 Household
 Shared
 Public






Inputs:    Sludge    Blackwater  
 Brownwater    Organics
Outputs:    Sludge    Biogas
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POST
the digestate production is continuous, there must be 
provisions made for its storage, use and/or transport 
away from the site.
Appropriateness This technology can be applied at 
the household level, in small neighbourhoods or for the 
stabilization of sludge at large wastewater treatment 
plants. It is best used where regular feeding is possible. 
Often, a biogas reactor is used as an alternative to a 
Septic Tank (S.9), since it offers a similar level of treat-
ment, but with the added benefit of biogas. However, 
significant gas production cannot be achieved if black-
water is the only input. The highest levels of biogas 
production are obtained with concentrated substrates, 
which are rich in organic material, such as animal 
manure and organic market or household waste. It can 
be efficient to co-digest blackwater from a single house-
hold with manure if the latter is the main source of feed-
stock. Greywater should not be added as it substantially 
reduces the HRT. Wood material and straw are difficult 
to degrade and should be avoided in the substrate.
Biogas reactors are less appropriate for colder climates 
as the rate of organic matter conversion into biogas is 
very low below 15 °C. Consequently, the HRT needs to be 
longer and the design volume substantially increased.
Health Aspects/Acceptance The digestate is 
partially sanitized but still carries a risk of infection. 
Depending on its end-use, further treatment might be 
required. There are also dangers associated with the 
flammable gases that, if mismanaged, could be harmful 
to human health.
Operation & Maintenance If the reactor is proper-
ly designed and built, repairs should be minimal. To start 
the reactor, it should be inoculated with anaerobic bac-
teria, e.g., by adding cow dung or Septic Tank sludge. 
Organic waste used as substrate should be shredded 
and mixed with water or digestate prior to feeding.
Gas equipment should be carefully and regularly 
cleaned so that corrosion and leaks are prevented. Grit 
and sand that have settled to the bottom should be 
removed. Depending on the design and the inputs, the 
reactor should be emptied once every 5 to 10 years.
Pros & Cons
+  Generation of renewable energy
+  Small land area required (most of the structure can 
be built underground)
+  No electrical energy required
+  Conservation of nutrients
+  Long service life
+  Low operating costs
-  Requires expert design and skilled construction
-  Incomplete pathogen removal, the digestate might 
require further treatment
-  Limited gas production below 15 °C
References & Further Reading 
_	CMS	(1996).	Biogas Technology: A Training Manual for Exten-
sion. FAO/TCP/NEP/4451-T.	Consolidated	Management	
Services,	Kathmandu,	NP.		
Available	at:	www.fao.org
_	GTZ	(1998).	Biogas Digest. Volume I-IV.	Information	and	Advi-
sory	Service	on	Appropriate	Technology	(ISAT).	Deutsche	
Gesellschaft	für	Technische	Zusammenarbeit	(GTZ)	GmbH,	
Eschborn,	DE.	
Available	at:	www.susana.org/library
_	Mang,	H.-P.	and	Li,	Z.	(2010).	Technology Review of Biogas 
Sanitation. Draft – Biogas Sanitation for Blackwater, Brown 
Water, or for Excreta Treatment and Reuse in Developing 
Countries. Gesellschaft	für	Internationale	Zusammenarbeit	
(GIZ)	GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library
_	Ulrich,	A.	(Ed.),	Reuter,	S.	(Ed.),	Gutterer,	B.	(Ed.),	Sasse,	L.,	
Panzerbieter,	T.	and	Reckerzügel,	T.	(2009).	Decentralised 
Wastewater Treatment Systems (DEWATS) and Sanitation in 
Developing Countries. A Practical Guide. WEDC,	Loughbor-
ough	University,	Leicestershire,	UK.
_	Vögeli,	Y.,	Lohri,	C.	R.,	Gallardo,	A.,	Diener,	S.	and	Zurbrügg,	
C.	(2014).	Anaerobic Digestion of Biowaste in Developing 
Countries. Practical Information and Case Studies. Eawag	
(Department	Sandec),	Dübendorf,	CH.	
Available	at:	www.sandec.ch
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Tertiary Filtration and Disinfection 
TX02: TERTIARY FILTRATION AND DISINFECTION  
disinfection (e.g., chlorination)tertiary filtration (e.g., depth filtration)
inlet
contact
chamber
chlorine diffuser
chlorine mixer
sand support medium
(usually gravel)
filter floor underdrain
sand or anthracite
inlet
outlet
Applicable to:
Systems 1, 6-9
Depending on the end-use of the effluent or na-
tional standards for discharge in water bodies, a 
post-treatment step may be required to remove path-
ogens, residual suspended solids and/or dissolved 
constituents. Tertiary filtration and disinfection pro-
cesses are most commonly used to achieve this.
Post-treatment is not always necessary and a pragmatic 
approach is recommended. The effluent quality should 
match the intended end-use practice or the quality of 
the receiving water body. The WHO Guidelines for the 
Safe Use of Wastewater, Excreta and Greywater provide 
useful information on the assessment and management 
of risks associated with microbial hazards and toxic 
chemicals.
Among a wide range of tertiary and advanced treatment 
technologies for effluent, the most widespread include 
tertiary filtration and disinfection processes. 
Tertiary Filtration Filtration processes can be clas-
sified as either depth (or packed-bed) filtration or sur-
face filtration processes. Depth filtration involves the 
removal of residual suspended solids by passing the 
liquid through a filter bed comprised of a granular fil-
ter medium (e.g., sand). If activated carbon is used as 
a filter medium, the dominating process is adsorption. 
Activated carbon adsorbers not only remove a variety of 
organic and inorganic compounds, they also eliminate 
taste and odour. Surface filtration involves the remov-
al of particulate material by mechanical sieving as the 
liquid passes through a thin septum (i.e., filter layer). 
Membranes are also surface filters. Low pressure 
membrane filtration processes (including gravity-driven 
membrane filters) are being developed. Depth filtration 
is successfully used to remove protozoan cysts and 
oocysts, while ultrafiltration membranes can also relia-
bly eliminate bacteria and viruses.
Disinfection The destruction, inactivation, or remov-
al of pathogenic microorganisms can be achieved by 
chemical, physical, or biological means. Due to its low 
cost, high availability and easy operation, chlorine has 
historically been the disinfectant of choice for treating 
wastewater. Chlorine oxidizes organic matter, including 
microorganisms and pathogens. Concerns about harm-
ful disinfection by-products and chemical safety, howev-
er, have increasingly led to chlorination being replaced 
by alternative disinfection systems, such as ultraviolet 
POST
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public




Inputs:    Effluent
 
Outputs:    Effluent
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(UV) radiation and ozonation (O3). UV radiation is found 
in sunlight and kills viruses and bacteria. Thus, disinfec-
tion naturally takes place in shallow ponds (see T.5). UV 
radiation can also be generated through special lamps, 
which can be installed in a channel or pipe. Ozone is 
a powerful oxidant and is generated from oxygen in 
an energy-intensive process. It degrades both organ-
ic and inorganic pollutants, including odour-producing 
agents. Similar to chlorine, the formation of unwanted 
by-products is one of the problems associated with the 
use of ozone as a disinfectant.
Appropriateness The decision to install a post-treat-
ment technology depends mainly on the quality require-
ment for the desired end-use of the effluent and/or 
national standards. Other factors are the effluent char-
acteristics, budget, availability of materials, and O&M 
capacity. 
Pathogens tend to be masked by suspended solids in 
unfiltered secondary effluent. Therefore, a filtration step 
prior to disinfection brings about much better results 
with fewer chemicals.
Membrane filters are costly and require expert know-
how for O&M, especially, to avoid damaging the mem-
brane. In activated carbon adsorption the filter material 
is contaminated after usage and needs proper treat-
ment/disposal. Chlorine should not be used if the water 
contains significant amounts of organic matter, as disin-
fection by-products can form. Ozonation costs are gen-
erally higher compared to other disinfection methods.
Health Aspects/Acceptance With both chlorine 
and ozone disinfection, by-products may form and 
threaten environmental and human health. There are 
also safety concerns related to the handling and stor-
age of liquid chlorine. Activated carbon adsorption and 
ozonation can remove unpleasant colours and odours, 
increasing the acceptance of reusing reclaimed water.
Operation & Maintenance All post-treatment 
methods require continuous monitoring (influent and 
effluent quality, head loss of filters, dosage of disinfec-
tants, etc.) to ensure a high performance.
Due to the accumulation of solids and microbial growth, 
the effectiveness of sand, membrane and activated 
carbon filters decreases over time. Frequent cleaning 
(backwashing) or replacement of the filter material is, 
therefore, required. For chlorination, trained personnel 
are required to determine the right dosage of chlorine 
and ensure proper mixing. Ozone must be generated 
onsite because it is chemically unstable and rapidly 
decomposes to oxygen. In UV disinfection, the UV lamp 
needs regular cleaning and annual replacement.
Pros & Cons
+ Additional removal of pathogens and/or chemical 
contaminants
+ Allows for direct reuse of the treated wastewater
- Skills, technology, spare parts and materials may not 
be locally available
- Capital and operating costs can be very high
- Some technologies require a constant source of 
electricity and/or chemicals
- Requires continuous monitoring of influent and effluent
- Filter materials need regular backwashing or replace-
ment
- Chlorination and ozonation can form toxic disinfec-
tion by-products
References & Further Reading
_	NWRI	(2012).	Ultraviolet Disinfection. Guidelines for Drinking 
Water and Water Reuse.	3rd	Ed.	National	Water	Research	
Institute	and	Water	Research	Foundation,	Fountain	Valley,	
CA,	US.	
Available	at:	www.nwri-usa.org
_	Robbins,	D.	M.	and	Ligon,	G.C.	(2014).	How to Design 
Wastewater Systems for Local Conditions in Developing 
Countries.	IWA	Publishing,	London,	UK.
_	SSWM	Toolbox.	
www.sswm.info/category/implementation-tools/water-	
purification	(last	accessed	February	2014)
_	Tchobanoglous,	G.,	Burton,	F.	L.	and	Stensel,	H.	D.	(2004).	
Wastewater Engineering: Treatment and Reuse,	Metcalf	&	
Eddy,	4th	Ed.	(Internat.	Ed.).	McGraw-Hill,	New	York,	US.	pp.	
1035-1330.
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 2: Wastewater Use in Agricul-
ture.	World	Health	Organization,	Geneva,	CH.		
Available	at:	www.who.int
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D
This section presents the different technologies and methods with which 
products are ultimately returned to the environment, either as useful 
resources or reduced-risk materials. If there is an end-use for the output 
products, they can be applied or used. Otherwise, they should be disposed 
of in ways that are least harmful to the public and the environment. Where 
relevant, the WHO Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater are referenced in the technology information sheets.
D.1  Fill and Cover/Arborloo
D.2  Application of Stored Urine
D.3  Application of Dehydrated Faeces
D.4  Application of Pit Humus and Compost
D.5  Application of Sludge
D.6  Irrigation
D.7  Soak Pit
D.8  Leach Field
D.9  Fish Pond
D.10  Floating Plant Pond
D.11  Water Disposal/Groundwater Recharge
D.12  Surface Disposal and Storage
D.13  Biogas Combustion
In any given context, the technology choice generally depends on the 
following factors:
• Type and quality of products
• Socio-cultural acceptance
• Local demands
• Legal aspects
• Availability of materials and equipment
• Availability of space
• Soil and groundwater characteristics
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Use and/or Disposal  D
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Fill and Cover / Arborloo
D1: FILL AND COVER 117
1 2
Applicable to:
System 1
To decommission a pit, it can simply be filled with 
soil and covered. Although there is no benefit, the 
full pit poses no immediate health risk and the 
contents will degrade naturally over time. Alter-
natively, the Arborloo is a shallow pit that is filled 
with excreta and soil/ash and then covered with 
soil; a tree planted on top of the nutrient-rich pit will 
grow vigorously.
When a Single Pit (S.2) or a Single VIP (S.3) is full and 
cannot be emptied, “fill and cover”, i.e., filling the remain-
der of the pit and covering it is an option, albeit one with 
limited benefits to the environment and the user.
The Arborloo is a shallow pit on which a tree can be 
planted after it is full, while the superstructure, ring 
beam and slab are moved to a new pit. Before the 
Arborloo is used, a layer of leaves is put on the bot-
tom of the empty pit. A cup of soil, ash or a mixture 
of the two should be dumped into the pit to cover 
excreta after each defecation. If they are available, 
leaves can also occasionally be added to improve the 
porosity and air content of the pile. When the pit is 
full (usually every 6 to 12 months), the top 15 cm is 
filled with soil and a tree is planted. Banana, papaya 
and guava trees (among many) have all proven to be 
successful. 
Design Considerations An Arborloo is only an 
option if the site is suitable for a tree to grow. Therefore, 
when selecting the pit location, users should already 
take the space and site conditions required for a new 
tree into account (e.g., distance to houses). 
A shallow pit, about 1 m deep, is needed for an Arbor-
loo. It should not be lined as any lining would prevent 
the tree or plant from properly growing. 
A tree should not be planted, however, directly in the 
raw excreta. It should be planted in the soil on top of the 
pit, allowing its roots to penetrate the pit contents as it 
grows. It may be best to wait for the rainy season before 
planting it if water is scarce.
Appropriateness Filling and covering a pit is an ade-
quate solution when emptying is not possible and when 
there is space to continuously dig new pits.
The Arborloo can be applied in rural, peri-urban, and 
even denser areas if enough space is available.
Planting a tree in the abandoned pit is a good way to 
reforest an area, provide a sustainable source of fresh 
D.1
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public




Inputs:    Excreta    Faeces   (  Organics)
(+  Anal Cleansing Water) (+  Dry Cleansing Materials) 
Outputs:   (  Biomass)
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D.1
fruit and prevent people from falling into old pit sites. 
Other plants such as tomatoes and pumpkins can also 
be planted on top of the pit if trees are not available.
Depending on the local conditions, however, the con-
tent of a covered pit or Arborloo could contaminate 
groundwater resources until it is entirely decomposed.
Health Aspects/Acceptance There is minimal 
risk of infection if the pit is properly covered and clear-
ly marked. It may be preferable to cover the pit and to 
plant a tree rather than emptying it, especially if there is 
no appropriate technology available to remove and treat 
the faecal sludge.
Users do not come in contact with the faecal material 
and, thus, there is a very low risk of pathogen trans-
mission. 
Arborloo demonstration projects that allow for the par-
ticipation of community members are useful ways to 
display the ease of the system, its inoffensive nature, 
and the nutrient value of human excreta.
Operation & Maintenance A cup of soil and/or 
ash should be added to the pit after each defecation 
and leaves should be periodically added. Also, the con-
tents of the pit should be periodically levelled to prevent 
a cone shape from forming in the middle.
There is little maintenance associated with a closed pit 
other than taking care of the tree or plant. Trees planted 
in abandoned pits should be regularly watered. A small 
fence of sticks and sacks should be constructed around 
the sapling to protect it from animals.
Pros & Cons
+  Technique simple to apply for all users 
+  Low costs
+  Low risk of pathogen transmission
+  May encourage income generation (tree planting and 
fruit production)
-  New pit must be dug; the old pit cannot be re-used
-  Covering a pit or planting a tree does not eliminate 
the risk of groundwater contamination
References & Further Reading
_	Hebert,	P.	(2010).	Rapid Assessment of CRS Experience 
with Arborloos in East Africa.	Catholic	Relief	Service	(CRS),	
Baltimore,	US.		
Available	at:	www.susana.org/library
_	Morgan,	P.	R.	(2004).	An Ecological Approach to Sanitation in 
Africa. A Compilation of Experiences. Aquamor,	Harare,	ZW.	
Chapter	10:	The	Usefulness	of	Urine.	
Available	at:	www.ecosanres.org
_	Morgan,	P.	R.	(2007).	Toilets That Make Compost. Low-Cost, 
Sanitary Toilets That Produce Valuable Compost for Crops in 
an African Context. Stockholm	Environment	Institute,	Stock-
holm,	SE.	pp.	81-90.		
Available	at:	www.ecosanres.org
_	Morgan,	P.	R.	(2009).	Ecological Toilets. Start Simple and 
Upgrade from Arborloo to VIP. Stockholm	Environment	Insti-
tute,	Stockholm,	SE.	
Available	at:	www.ecosanres.org
_	NWP	(2006).	Smart Sanitation Solutions. Examples of 
Innovative, Low-Cost Technologies for Toilets, Collection, 
Transportation, Treatment and Use of Sanitation Products.	
Netherlands	Water	Partnership,	The	Hague,	NL.	p.	51.	
Available	at:	www.ircwash.org
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R2: URINE APPLICATION  119
urine
Stored urine is a concentrated source of nutrients 
that can be applied as a liquid fertilizer in agricul-
ture and replace all or some commercial chemical 
fertilizers.
The guidelines for urine use are based on storage time 
and temperature (see WHO guidelines on excreta use 
in agriculture for specific requirements). However, it is 
generally accepted that if urine is stored for at least 1 
month, it will be safe for agricultural application at the 
household level. If urine is used for crops that are eaten 
by people other than the urine producer, it should be 
stored beforehand for 6 months.
Another beneficial use of urine is as an additive to enrich 
compost. Technologies for the production of urine-
based fertilizers are currently under research (e.g., stru-
vite, see Emerging Sanitation Technologies, p. 166).
From normal, healthy people, urine is virtually free 
of pathogens. Urine also contains the majority of 
nutrients that are excreted by the body. Its composi-
tion varies depending on diet, gender, climate, water 
intake, etc., but roughly 88% of nitrogen, 61% of phos-
phorus and 74% of potassium excreted from the body 
is in urine.
Design Considerations Stored urine should not 
be applied directly to plants because of its high pH and 
concentrated form. Instead, it can be: 
1) mixed undiluted into soil before planting;
2) poured into furrows, but at a sufficient distance 
away from the roots of the plants and immediately 
covered (although this should take place no more 
than once or twice during the growing season); and 
3) diluted several times, whereby it can be frequently 
used around plants (up to two times weekly).
The optimal application rate depends on the nitrogen 
demand and tolerance of the crop on which it will be 
used, the nitrogen concentration of the liquid, as well 
as the rate of ammonia loss during application. As a 
general rule of thumb, one can assume that 1 m2 of 
cropland can receive 1.5 L of urine per growing season 
(this quantity corresponds to the daily urine production 
of one person and to 40-110 kg N/ha). The urine of one 
person during one year is, thus, sufficient to fertilize 
300 to 400 m2 of cropland.
A 3:1 mix of water and urine is an effective dilution for 
vegetables, although the correct amount depends on 
the soil and the type of vegetables. If diluted urine is 
used in an irrigation system, it is referred to as “fertiga-
Application of Stored Urine Applicable to:Systems 4, 5, 9D.2
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public






Inputs:    Stored Urine
Outputs:    Biomass
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tion” (see D.6). During the rainy season, urine can also 
be applied directly into small holes near plants; then it 
is diluted naturally.
Appropriateness Urine is especially beneficial for 
crops lacking in nitrogen. Examples of some crops 
that grow well with urine include: maize, rice, millet, 
sorghum, wheat, chard, turnip, carrots, kale, cabbage, 
lettuce, bananas, paw-paw, and oranges. Urine applica-
tion is ideal for rural and peri-urban areas where agri-
cultural lands are close to the point of urine collection. 
Households can use their own urine on their own plot of 
land. Alternatively, if facilities and infrastructure exist, 
urine can be collected at a semi-centralized location for 
distribution and transport to agricultural land. Regard-
less, the most important aspect is that there is a need 
for nutrients from fertilizer for agriculture which can 
be supplied by the stored urine. When there is no such 
need, the urine can become a source of pollution and a 
nuisance.
Health Aspects/Acceptance Urine poses a mini-
mal risk of infection, especially when it has been stored 
for an extended period of time. Yet, urine should be 
carefully handled and should not be applied to crops 
less than one month before they are harvested. This 
waiting period is especially important for crops that 
are consumed raw (refer to WHO guidelines for specific 
guidance).
Social acceptance may be difficult. Stored urine has a 
strong smell and some may find it offensive to work with 
it or to have it nearby. If urine is diluted and/or imme-
diately tilled into the earth, however, its smell can be 
reduced. The use of urine may be less accepted in urban 
or peri-urban areas when household gardens are close 
to peoples’ homes than in rural areas where houses and 
crop land are kept separate.
Operation & Maintenance Over time, some min-
erals in urine will precipitate (especially, calcium and 
magnesium phosphates). Equipment that is used to 
collect, transport or apply urine (i.e., watering cans 
with small holes) may become clogged over time. 
Most deposits can easily be removed with hot water 
and a bit of acid (vinegar), or in more extreme cases, 
manually chipped off.
Pros & Cons
+  May encourage income generation (improved yield 
and productivity of plants)
+  Reduces dependence on costly chemical fertilizers
+  Low risk of pathogen transmission
+  Low costs
-  Urine is heavy and difficult to transport
-  Smell may be offensive
-  Labour intensive
-  Risk of soil salinization if the soil is prone to the 
accumulation of salts
-  Social acceptance may be low in some areas
References & Further Reading
_	Morgan,	P.	R.	(2004).	An Ecological Approach to Sanitation in 
Africa. A Compilation of Experiences.	Aquamor,	Harare,	ZW.	
Chapter	10:	The	Usefulness	of	Urine.	
Available	at:	www.ecosanres.org
_	Morgan,	P.	R.	(2007).	Toilets That Make Compost. Low-Cost, 
Sanitary Toilets That Produce Valuable Compost for Crops in 
an African Context. Stockholm	Environment	Institute,	Stock-
holm,	SE.		
Available	at:	www.ecosanres.org	
_	von	Münch,	E.	and	Winker,	M.	(2011).	Technology Review 
of Urine Diversion Components. Overview of Urine Diversion 
Components Such as Waterless Urinals, Urine Diversion 
Toilets, Urine Storage and Reuse Systems. Gesellschaft	für	
Internationale	Zusammenarbeit	(GIZ)	GmbH,	Eschborn,	DE.	
Available	at:	www.susana.org/library
_	Richert,	A.,	Gensch,	R.,	Jönsson,	H.,	Stenström,	T.	A.,	and	
Dagerskog,	L.	(2010).	Practical Guidance on the Use of Urine 
in Crop Production.	EcoSanRes,	Stockholm	Environment	
Institute,	Stockholm,	SE.	
Available	at:	www.susana.org/library
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 4: Excreta and Greywater Use 
in Agriculture.	World	Health	Organization,	Geneva,	CH.	
Available	at:	www.who.int	
(Health	risks	and	recommended	guidelines	for	urine		
application)
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D3: APPLICATION OF DEHYDRATED FAECES  
urine
diversion 
urine tank
dried faeces
When faeces are stored in the absence of moisture 
(i.e., urine), they dehydrate into a crumbly, white-
beige, coarse, flaky material or powder. The mois-
ture naturally present in the faeces evaporates 
and/or is absorbed by the drying material (e.g., ash, 
sawdust, lime) that is added to them. Dried faeces 
can be used as a soil conditioner.
Dehydration is different from composting because the 
organic material present is not degraded or transformed; 
only the moisture is removed. Faeces will reduce in vol-
ume by about 75% after dehydration. Completely dry 
faeces are a crumbly, powdery substance. The shells 
and carcasses of worms and insects in the faeces also 
dehydrate and become part of the dried material. 
The material is rich in carbon and nutrients, but may 
still contain protozoan cysts or oocysts (spores that 
can survive extreme environmental conditions and 
be re-animated under favourable conditions) and 
other pathogens. The degree of pathogen inactiva-
tion will depend on the temperature, the pH (using 
ash or lime raises the pH) and storage time. It is 
generally accepted that faeces should be stored 
between 6 to 24 months, although pathogens may 
still exist after this time (refer to WHO guidelines for 
specific guidance).
The material can be mixed into soil for agriculture 
(depending on acceptance) or safely mixed into soil 
or buried elsewhere. Extended storage is also an 
option if there is no immediate use for the material 
(see D.12).
Design Considerations Faeces that are dried and 
kept at between 2 and 20 °C should be stored for 1.5 
to 2 years before being used at the household or region-
al level. At higher temperatures (i.e., >20 °C average), 
storage over 1 year is recommended to inactivate 
Ascaris eggs (a type of parasitic worm). A shorter stor-
age time of 6 months is required if the faeces have a pH 
above 9 (i.e., adding ash or lime increases the pH). WHO 
guidelines concerning the use of excreta in agriculture 
should be consulted beforehand.
Appropriateness Dried faeces are not as useful as 
a soil amendment as composted faeces. However, they 
can help to replenish poor soil and to boost the carbon 
and water-storing properties of soil, while posing low 
risk of pathogen transmission.
Application of Dehydrated Faeces Applicable to:System 4D.3
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





Inputs:    Dried Faeces 
Outputs:    Biomass
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Health Aspects/Acceptance The handling and use 
of dried faeces may not be acceptable to some people. 
However, because dehydrated faeces should be dry, 
crumbly, and odour free, using them might be easier to 
accept than manure or sludge. Dry faeces are a hostile 
environment for organisms and they do not survive long 
in it. If water or urine is mixed with the drying faeces, 
however, odours and organisms may become prob-
lematic because bacteria easily survive and multiply in 
wet faeces. Warm, moist environments are conducive 
to anaerobic processes, which can generate offensive 
odours.
Dehydrated faeces should not be applied to crops less 
than one month before they are harvested. This waiting 
period is especially important for crops that are con-
sumed raw.
Operation & Maintenance When removing dehy-
drated faeces from dehydration vaults, care must be 
taken to prevent the powder from blowing and being 
inhaled. Workers should wear appropriate protective 
clothing.
Faeces should be kept as dry as possible. If by acci-
dent, water or urine enters and mixes with drying fae-
ces, more ash, lime or dry soil should be added to help 
absorb the moisture. Prevention is the best way to keep 
faeces dry.
Pros & Cons
+  Can improve the structure and water-holding capaci-
ty of soil
+  Low risk of pathogen transmission
+  Low costs
-  Labour intensive
-  Pathogens may exist in a dormant stage (cysts and 
oocysts) which may become infectious if moisture is 
added
-  Does not replace fertilizer (N, P, K)
-  Social acceptance may be low in some areas
References & Further Reading
_	Austin,	A.	and	Duncker,	L.	(2002).	Urine-Diversion. Ecologi-
cal Sanitation Systems in South Africa.	CSIR,	Pretoria,	ZA.
_	Rieck,	C.,	von	Münch,	E.	and	Hoffmann,	H.	(2012).	Technol-
ogy Review of Urine-Diverting Dry Toilets (UDDTs). Overview 
of Design, Operation, Management and Costs. Deutsche	
Gesellschaft	für	Internationale	Zusammenarbeit	(GIZ)	
GmbH,	Eschborn,	DE.		
Available	at:	www.susana.org/library	
_	Schönning,	C.	and	Stenström,	T.	A.	(2004).	Guidelines for 
the Safe Use of Urine and Faeces in Ecological Sanitation 
Systems.	Report	2004-1.	EcoSanRes,	Stockholm	Environ-
ment	Institute,	Stockholm,	SE.		
Available	at:	www.ecosanres.org
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 4: Excreta and Greywater Use 
in Agriculture.	World	Health	Organization,	Geneva,	CH.		
Available	at:	www.who.int	
_	Winblad,	U.	and	Simpson-Hébert,	M.	(Eds.)	(2004).	Eco-
logical Sanitation. Revised and Enlarged Edition.	Stockholm	
Environment	Institute,	Stockholm,	SE.		
Available	at:	www.ecosanres.org
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R4: APPLICATION OF COMPOST/ECO-HUMUS 
Compost is the soil-like substance resulting from 
the controlled aerobic degradation of organics. Pit 
humus is the term used to describe the material re-
moved from a double pit technology (S.4, S.5 or S.6) 
because it is produced passively underground and 
has a slightly different composition than compost. 
Both products can be used as soil conditioners.
The process of thermophilic composting generates heat 
(50 to 80 °C) which kills the majority of pathogens pres-
ent. The composting process requires adequate carbon, 
nitrogen, moisture, and air.
The Double VIP (S.4), Fossa Alterna (S.5) or Twin Pits 
for Pour Flush (S.6) are ambient-temperature variations 
of high-temperature composting. In these technologies, 
there is almost no increase in temperature because the 
conditions in the pit (oxygen, moisture, C:N ratio) are 
not optimized for composting processes to take place. 
Because of this, the material is not actually ‘compost’ 
and is, therefore, referred to as ‘pit humus’. The texture 
and quality of the pit humus depends on the materials 
which have been added to the excreta (e.g., soil added 
to a Fossa Alterna) and the storage conditions.
WHO guidelines on excreta use in agriculture stipu-
late that compost should achieve and maintain a tem-
perature of 50 °C for at least one week before it is 
considered safe to use. Achieving this value, however, 
requires a significantly longer period of composting. 
For technologies that generate pit humus, a minimum 
of 1 year of storage is recommended to eliminate bac-
terial pathogens and reduce viruses and parasitic pro-
tozoa. WHO guidelines should be consulted for detailed 
information.
Design Considerations It has been shown that the 
productivity of poor soil can be improved by applying 
equal parts compost and top soil to it. The output from 
one Fossa Alterna should be sufficient for two 1.5 m by 
3.5 m beds.
Appropriateness Compost and pit humus can be 
beneficially used to improve the quality of soil. They 
add nutrients and organics and improve the soil’s abil-
ity to store air and water. They can be mixed into the 
soil before crops are planted, used to start seedlings or 
indoor plants, or simply mixed into an existing compost 
pile for further treatment.
Vegetable gardens filled with pit humus from the Fos-
Application of Pit Humus and Compost Applicable to:Systems 2, 3D.4
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public






Inputs:    Pit Humus    Compost
Outputs:    Biomass
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sa Alterna have shown dramatic improvements over 
gardens planted without soil conditioner. The use of 
pit humus has even made agriculture possible in areas 
which otherwise would not have supported crops.
Health Aspects/Acceptance A small risk of path-
ogen transmission exists, but, if in doubt, any material 
removed from the pit or vault can be further compost-
ed in a regular compost heap before being used or 
mixed with additional soil and put into a ‘tree pit’, i.e., 
a nutrient-filled pit used for planting a tree. Compost 
and pit humus should not be applied to crops less 
than one month before they are harvested. This wait-
ing period is especially important for crops that are 
consumed raw.
As opposed to sludge, which can originate from a vari-
ety of domestic, chemical and industrial sources, com-
post and pit humus have very few chemical inputs. The 
only chemical sources that could contaminate compost 
or pit humus might originate from contaminated organ-
ic material (e.g., pesticides) or from chemicals that are 
excreted by humans (e.g., pharmaceutical residues). 
Compared to the chemicals that may find their way into 
wastewater sludge, compost and pit humus can be con-
sidered as less contaminated.
Compost and pit humus are inoffensive, earth-like prod-
ucts. Regardless, people might refrain from handling 
and using them. Conducting demonstration activities 
that promote hands-on experience can effectively show 
their non-offensive nature and their beneficial use.
Operation & Maintenance The material must be 
allowed to adequately mature before being removed 
from the system. Then, it can be used without further 
treatment. Workers should wear appropriate protective 
clothing.
Pros & Cons
+  Can improve the structure and water-holding capaci-
ty of soil and reduce the use of chemical fertilizers
+  May encourage income generation (improved yield 
and productivity of plants)
+  Low risk of pathogen transmission
+  Low costs
-  May require a year or more of maturation
-  Social acceptance may be low in some areas
References & Further Reading
_	Del	Porto,	D.	and	Steinfeld,	C.	(1999).	The Composting Toilet 
System Book. A Practical Guide to Choosing, Planning and 
Maintaining Composting Toilet Systems, an Alternative to 
Sewer and Septic Systems. The	Center	for	Ecological	Pollu-
tion	Prevention	(CEPP),	Concord,	MA,	US.
_	Jenkins,	J.	(2005).	The	Humanure	Handbook.	A Guide to 
Composting Human Manure.	3rd	Ed.	Jenkins	Publishing,	
Grove	City,	PA,	US.
_	Morgan,	P.	R.	(2004).	An Ecological Approach to Sanitation in 
Africa. A Compilation of Experiences.	Aquamor,	Harare,	ZW.	
Available	at:	www.ecosanres.org
_	Morgan,	P.	R.	(2007).	Toilets That Make Compost. Low-Cost, 
Sanitary Toilets That Produce Valuable Compost for Crops in 
an African Context. Stockholm	Environment	Institute,	Stock-
holm,	SE.	pp.	81-90.	
Available	at:	www.ecosanres.org	
_	Morgan,	P.	R.	(2009).	Ecological Toilets. Start Simple and 
Upgrade from Arborloo to VIP. Stockholm	Environment	Insti-
tute,	Stockholm,	SE.	
Available	at:	www.ecosanres.org
_	NWP	(2006).	Smart Sanitation Solutions. Examples of 
Innovative, Low-Cost Technologies for Toilets, Collection, 
Transportation, Treatment and Use of Sanitation Products. 
Netherlands	Water	Partnership,	The	Hague,	NL.	
Available	at:	www.ircwash.org
_	Strande,	L.,	Ronteltap,	M.	and	Brdjanovic,	D.	(Eds.)	(2014).	
Faecal Sludge Management. Systems Approach for Imple-
mentation and Operation.	IWA	Publishing,	London,	UK.	
Available	at:	www.sandec.ch	
(Detailed	book	compiling	the	current	state	of	knowledge	on	
all	aspects	related	to	FSM)
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 4: Excreta and Greywater Use 
in Agriculture. World	Health	Organization,	Geneva,	CH.		
Available	at:	www.who.int	
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D11: LAND APPLICATION  137
sludge
sludge
Depending on the treatment type and quality, di-
gested or stabilized sludge can be applied to public 
or private lands for landscaping or agriculture.
Sludge that has been treated (e.g., Co-Composted 
or removed from a Planted Drying Bed, etc.) can be 
used in agriculture, home gardening, forestry, sod and 
turf growing, landscaping, parks, golf courses, mine 
reclamation, as a dump cover, or for erosion control. 
Although sludge has lower nutrient levels than com-
mercial fertilizers (for nitrogen, phosphorus and potas-
sium, respectively), it can replace an important part 
of the fertilizer need. Additionally, treated sludge has 
been found to have properties superior to those of fer-
tilizers, such as bulking and water retention properties, 
and the slow, steady release of nutrients.
Design Considerations Solids are spread on the 
ground surface using conventional manure spreaders, 
tank trucks or specially designed vehicles. Liquid sludge 
(e.g., from anaerobic reactors) can be sprayed onto or 
injected into the ground. 
Application rates and usage of sludge should take into 
account the presence of pathogens and contaminants, 
and the quantity of nutrients available so that it is used 
at a sustainable and agronomic rate.
Appropriateness Although sludge is sometimes crit-
icized for containing potentially high levels of metals or 
contaminants, commercial fertilizers are also contami-
nated to varying degrees, most likely with cadmium or 
other heavy metals. Faecal sludge from pit latrines should 
not have any chemical inputs and is, therefore, not a high-
risk source of heavy metal contamination. Sludge that 
originates at large-scale wastewater treatment plants is 
more likely to be contaminated since it receives industrial 
and domestic chemicals, as well as surface water run-off 
which may contain hydrocarbons and metals. Depending 
on the source, sludge can serve as a valuable and often 
much-needed source of nutrients. Application of sludge 
on land may be less expensive than disposal.
Health Aspects/Acceptance The greatest barrier 
to the use of sludge is, generally, acceptance. Howev-
er, even when sludge is not accepted by agriculture or 
local industries, it can still be useful for municipal pro-
jects and can actually provide significant savings (e.g., 
mine reclamation).
Application of Sludge Applicable to:Systems 1, 5-9D.5
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





Inputs:    Sludge
Outputs:    Biomass
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Depending on the source of the sludge and on the treat-
ment method, it can be treated to a level where it is 
generally safe and no longer generates significant odour 
or vector problems. Following appropriate safety and 
application regulations is important. WHO guidelines 
on excreta use in agriculture should be consulted for 
detailed information.
Operation & Maintenance Spreading equipment 
must be maintained to ensure continued use. The 
amount and rate of sludge application should be mon-
itored to prevent overloading and, thus, the potential 
for nutrient pollution. Workers should wear appropriate 
protective clothing.
Pros & Cons
+  Can reduce the use of chemical fertilizers and 
improve the water-holding capacity of soil
+  Can accelerate reforestation
+  Can reduce erosion
+  Low costs
-  Odours may be noticeable, depending on prior  
treatment
-  May require special spreading equipment
-  May pose public health risks, depending on its quali-
ty and application
-  Micropollutants may accumulate in the soil and 
contaminate groundwater
-  Social acceptance may be low in some areas
References & Further Reading
_	Strande,	L.,	Ronteltap,	M.	and	Brdjanovic,	D.	(Eds.)	(2014).	
Faecal Sludge Management. Systems Approach for Imple-
mentation and Operation.	IWA	Publishing,	London,	UK.	
Available	at:	www.sandec.ch	
(Detailed	book	compiling	the	current	state	of	knowledge	on	
all	aspects	related	to	FSM)
_	U.S.	EPA	(1999).	Biosolids Generation, Use, and Disposal in 
the United States.	EPA-530/R-99-009.	U.S.	Environmental	
Protection	Agency,	Washington,	D.C.,	US.		
Available	at:	www.epa.gov
_	U.S.	EPA	(1994). A Plain English Guide to the EPA Part 503 
Biosolids Rule. EPA832-R-93-003.	U.S.	Environmental	Pro-
tection	Agency,	Washington,	D.C.,	US.		
Available	at:	www.epa.gov	
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 4: Excreta and Greywater Use 
in Agriculture.	World	Health	Organization,	Geneva,	CH.		
Available	at:	www.who.int	
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D5: IRRIGATION 125
treated 
effluent
To reduce dependence on freshwater and maintain 
a constant source of water for irrigation throughout 
the year, wastewater of varying quality can be used 
in agriculture. However, only water that has had 
secondary treatment (i.e., physical and biological 
treatment) should be used to limit the risk of crop 
contamination and health risks to workers.
There are two kinds of irrigation technologies appropri-
ate for treated wastewater:
1)  Drip irrigation above or below ground, where the 
water is slowly dripped on or near the root area; and
2)  Surface water irrigation where water is routed over-
land in a series of dug channels or furrows.
To minimize evaporation and contact with pathogens, 
spray irrigation should be avoided.
Properly treated wastewater can significantly reduce 
dependence on fresh water, and/or improve crop yields 
by supplying increased water and nutrients to plants. 
Raw sewage or untreated blackwater should not be 
used, and even well-treated water should be used with 
caution. Long-term use of poorly or improperly treated 
water may cause long-term damage to the soil structure 
and its ability to hold water.
Design Considerations The application rate must 
be appropriate for the soil, crop and climate, or it could 
be damaging. To increase the nutrient value, urine can 
be dosed into irrigation water; this is called “fertigation” 
(i.e., fertilization + irrigation). The dilution ratio has to be 
adapted to the special needs and resistance of the crop.
In drip irrigation systems care should be taken to ensure 
that there is sufficient head (i.e., pressure) and mainte-
nance to reduce the potential for clogging (especially, 
with urine from which struvite will spontaneously pre-
cipitate).
Appropriateness Generally, drip irrigation is the 
most appropriate irrigation method; it is especially good 
for arid and drought prone areas. Surface irrigation is 
prone to large losses from evaporation but requires lit-
tle or no infrastructure and may be appropriate in some 
situations.
Crops such as corn, alfalfa (and other feed), fibres (e.g., 
cotton), trees, tobacco, fruit trees (e.g., mangos) and 
foods requiring processing (e.g., sugar beets) can be 
grown safely with treated effluent. More care should be 
taken with fruits and vegetables that may be eaten raw 
(e.g., tomatoes) because they could come in contact 
Irrigation Applicable to:Systems 1-9D.6
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public






Inputs:    Effluent    Stormwater   
(+  Stored Urine)
Outputs:    Biomass
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with the water. Energy crops like eucalyptus, poplar, 
willow, or ash trees can be grown in short-rotation and 
harvested for biofuel production. Since the trees are not 
for consumption, this is a safe, efficient way of using 
lower-quality effluent.
Soil quality can degrade over time (e.g., due to the 
accumulation of salts) if poorly treated wastewater is 
applied. Despite safety concerns, irrigation with effluent 
is an effective way to recycle nutrients and water.
Health Aspects/Acceptance Appropriate treat-
ment (i.e., adequate pathogen reduction) should 
precede any irrigation scheme to limit health risks to 
those who come in contact with the water. Furthermore, 
it may still be contaminated with the different chemicals 
that are discharged into the system depending on the 
degree of treatment the effluent has undergone. When 
effluent is used for irrigation, households and indus-
tries connected to the system should be made aware 
of the products that are and are not appropriate to dis-
charge into the system. Drip irrigation is the only type 
of irrigation that should be used with edible crops, and 
even then, care should be taken to prevent workers and 
harvested crops from coming in contact with the treat-
ed effluent. The WHO guidelines on wastewater use in 
agriculture should be consulted for detailed information 
and specific guidance.
Operation & Maintenance Drip irrigation systems 
must be periodically flushed to avoid biofilm growth 
and clogging from all types of solids. Pipes should be 
checked for leaks as they are prone to damage from 
rodents and humans. Drip irrigation is more costly than 
conventional irrigation, but offers improved yields and 
decreased water/operating costs.
Workers should wear appropriate protective clothing.
Pros & Cons
+  Reduces depletion of groundwater and improves the 
availability of drinking water
+  Reduces the need for fertilizer
+  Potential for local job creation and income generation
+  Low risk of pathogen transmission if water is proper-
ly treated
+  Low capital and operating costs depending on the 
design
-  May require expert design and installation
-  Not all parts and materials may be locally available
-  Drip irrigation is very sensitive to clogging, i.e., the 
water must be free from suspended solids
-  Risk of soil salinization if the soil is prone to the 
accumulation of salts
-  Social acceptance may be low in some areas
References & Further Reading
_	Drechsel,	P.,	Scott,	C.	A.,	Raschid-Sally,	L.,	Redwood,	M.	
and	Bahri,	A.	(Eds.)	(2010).	Wastewater Irrigation and Health. 
Assessing and Mitigating Risk in Low-Income Countries.	
Earthscan,	IDRC	and	IWMI,	London,	UK.	
Available	at:	www.idrc.ca	and	www.iwmi.cgiar.org
_	FAO	(2012).	On-Farm Practices for the Safe Use of Wastewa-
ter in Urban and Peri-Urban Horticulture. A Training Handbook 
for Farmer Field Schools. FAO,	Rome,	IT.		
Available	at:	www.fao.org
_	Palada,	M.,	Bhattarai,	S.,	Wu,	D.,	Roberts,	M.,	Bhattarai,	M.,	
Kimsan,	R.	and	Midmore,	D.	(2011).	More Crop Per Drop. 
Using Simple Drip Irrigation Systems for Small-Scale Vegeta-
ble Production.	The	World	Vegetable	Center,	Shanhua,	TW.	
Available	at:	www.avrdc.org
_	Pescod,	M.	B.	(1992).	Wastewater Treatment and Use in Agri-
culture. FAO	Irrigation	and	Drainage	Paper	47.	FAO,	Rome,	IT.		
Available	at:	www.fao.org
_	WHO	(2006).	Guidelines for the Safe Use of Wastewater, 
Excreta and Greywater. Volume 2: Wastewater Use in Agricul-
ture. World	Health	Organization,	Geneva,	CH.		
Available	at:	www.who.int	
(Discussion	of	health	aspects	of	wastewater	use	and	of	
good	irrigation	practice	in	Annex	1)
_	Winpenny,	J.,	Heinz,	I.	and	Koo-Oshima,	S.	(2010).	The 
Wealth of Waste. The Economics of Wastewater Use in Agri-
culture.	FAO	Water	Reports	35.	FAO,	Rome,	IT	
Available	at:	www.fao.org
_	Zandee,	M.	(2012).	Risk of Clogging of Drip-Line Emitters 
during Urine Fertilization through Drip Irrigation Equipment. 
Eawag,	Dübendorf,	CH.		
Available	at:	www.eawag.ch/stun
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A soak pit, also known as a soakaway or leach pit, is 
a covered, porous-walled chamber that allows water 
to slowly soak into the ground. Pre-settled effluent 
from a Collection and Storage/Treatment or (Semi-) 
Centralized Treatment technology is discharged to 
the underground chamber from which it infiltrates 
into the surrounding soil.
As wastewater (greywater or blackwater after primary 
treatment) percolates through the soil from the soak 
pit, small particles are filtered out by the soil matrix 
and organics are digested by microorganisms. Thus, 
soak pits are best suited for soil with good absorp-
tive properties; clay, hard packed or rocky soil is not 
appropriate.
Design Considerations The soak pit should be 
between 1.5 and 4 m deep, but as a rule of thumb, never 
less than 2 m above the groundwater table. It should be 
located at a safe distance from a drinking water source 
(ideally more than 30 m). The soak pit should be kept 
away from high-traffic areas so that the soil above and 
around it is not compacted. It can be left empty and 
lined with a porous material to provide support and pre-
vent collapse, or left unlined and filled with coarse rocks 
and gravel. The rocks and gravel will prevent the walls 
from collapsing, but will still provide adequate space for 
the wastewater. In both cases, a layer of sand and fine 
gravel should be spread across the bottom to help dis-
perse the flow. To allow for future access, a removable 
(preferably concrete) lid should be used to seal the pit 
until it needs to be maintained.
Appropriateness A soak pit does not provide ade-
quate treatment for raw wastewater and the pit will 
quickly clog. It should be used for discharging pre-set-
tled blackwater or greywater.
Soak pits are appropriate for rural and peri-urban settle-
ments. They depend on soil with a sufficient absorptive 
capacity. They are not appropriate for areas prone to 
flooding or that have high groundwater tables.
Health Aspects/Acceptance As long as the soak 
pit is not used for raw sewage, and as long as the pre-
vious Collection and Storage/Treatment  technology is 
functioning well, health concerns are minimal. The tech-
nology is located underground and, thus, humans and 
animals should have no contact with the effluent.
Soak Pit Applicable to:Systems 1-6D.7
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public




Inputs:    Effluent    Greywater    Urine
 Stored Urine    Anal Cleansing Water
R8: SOAK PIT 131
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Since the soak pit is odourless and not visible, it should 
be accepted by even the most sensitive communities.
Operation & Maintenance A well-sized soak pit 
should last between 3 and 5 years without mainte-
nance. To extend the life of a soak pit, care should be 
taken to ensure that the effluent has been clarified and/
or filtered to prevent the excessive build-up of solids. 
Particles and biomass will eventually clog the pit and 
it will need to be cleaned or moved. When the perfor-
mance of the soak pit deteriorates, the material inside 
the soak pit can be excavated and refilled.
Pros & Cons
+  Can be built and repaired with locally available 
materials
+  Technique simple to apply for all users
+  Small land area required
+  Low capital and operating costs
-  Primary treatment is required to prevent clogging
-  May negatively affect soil and groundwater properties
References & Further Reading
_	Ahrens,	B.	(2005).	A Comparison of Wash Area and Soak 
Pit Construction: The Changing Nature of Urban, Rural, and 
Peri-Urban Linkages in Sikasso, Mali.	Peace	Corps,	US.		
Available	at:	www.mtu.edu/peacecorps/programs/civil/
theses	
(Detailed	construction	instructions)
_	Mara,	D.	D.	(1996).	Low-Cost Urban Sanitation.	Wiley,	Chich-
ester,	UK.	pp.	63-65.		
(Dimensioning	calculations)
_	Oxfam	(2008). Septic Tank Guidelines.	Technical	Brief.	
Oxfam	GB,	Oxford,	UK.	p.	4.		
Available	at:	policy-practice.oxfam.org.uk
_	Polprasert,	C.	and	Rajput,	V.	S.	(1982).	Environmental Sani-
tation Reviews. Septic Tank and Septic Systems. Environmen-
tal	Sanitation	Information	Center,	AIT,	Bangkok,	TH.		
pp.	31-58.
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D7: Leach Field
septic tank 
settled effluent
A leach field, or drainage field, is a network of per-
forated pipes that are laid in underground grav-
el-filled trenches to dissipate the effluent from a 
water-based Collection and Storage/Treatment or 
(Semi-) Centralized Treatment technology.
Pre-settled effluent is fed into a piping system (distribu-
tion box and several parallel channels) that distributes 
the flow into the subsurface soil for absorption and sub-
sequent treatment. A dosing or pressurized distribution 
system may be installed to ensure that the whole length 
of the leach field is utilized and that aerobic conditions 
are allowed to recover between dosings. Such a dosing 
system releases the pressurized effluent into the leach 
field with a timer (usually 3 to 4 times a day).
Design Considerations Each trench is 0.3 to 1.5 m 
deep and 0.3 to 1 m wide. The bottom of each trench is 
filled with about 15 cm of clean rock and a perforated 
distribution pipe is laid on top. More rock is placed to 
cover the pipe. A layer of geotextile fabric is placed on 
the rock layer to prevent small particles from plugging 
the pipe. A final layer of sand and/or topsoil covers the 
fabric and fills the trench to the ground level. The pipe 
should be placed at least 15 cm beneath the surface 
to prevent effluent from surfacing. The trenches should 
be dug no longer than 20 m in length and at least 1 
to 2 m apart. To prevent contamination, a leach field 
should be located at least 30 m away from any drinking 
water source. A leach field should be laid out such that 
it will not interfere with a future sewer connection. The 
collection technology which precedes the leach field 
(e.g., Septic Tank, S.9) should be equipped with a sewer 
connection so that if, or when, the leach field needs to 
be replaced, the changeover can be done with minimal 
disruption.
Appropriateness Leach fields require a large area 
and unsaturated soil with good absorptive capacity to 
effectively dissipate the effluent. Due to potential over-
saturation of the soil, leach fields are not appropriate 
for dense urban areas. They can be used in almost every 
temperature, although there may be problems with 
pooling effluent in areas where the ground freezes.
Homeowners who have a leach field must be aware of 
how it works and of their maintenance responsibilities. 
Trees and deep-rooted plants should be kept away from 
the leach field as they can crack and disturb the tile bed.
Leach Field Applicable to:System 6D.8
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public





Inputs:    Effluent    
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Health Aspects/Acceptance Since the technology 
is underground and requires little attention, users will 
rarely come in contact with the effluent and, therefore, 
it has no health risk. The leach field must be kept as 
far away as possible (at least 30 m) from any potential 
potable water source to avoid contamination.
Operation & Maintenance A leach field will 
become clogged over time, although this may take 
20 or more years, if a well-maintained and well-func-
tioning primary treatment technology is in place. 
Effectively, a leach field should require minimal main-
tenance; however, if the system stops working effi-
ciently, the pipes should be cleaned and/or removed 
and replaced. To maintain the leach field, there should 
be no plants or trees on it. There should also be no 
heavy traffic above it because this could crush the 
pipes or compact the soil.
Pros & Cons
+  Can be used for the combined treatment and  
disposal of effluent
+  Has a long lifespan (depending on conditions)
+  Low maintenance requirements if operating without 
mechanical equipment
+  Relatively low capital costs; low operating costs
-  Requires expert design and construction
-  Not all parts and materials may be locally available
-  Requires a large area 
-  Primary treatment is required to prevent clogging
-  May negatively affect soil and groundwater  
properties
References & Further Reading
_	Crites,	R.	and	Tchobanoglous,	G.	(1998).	Small and Decen-
tralized Wastewater Management Systems.	WCB/McGraw-
Hill,	New	York,	US.	pp.	905-927.
_	Morel,	A.	and	Diener,	S.	(2006).	Greywater Management in 
Low and Middle-Income Countries. Review of Different Treat-
ment Systems for Households or Neighbourhoods. Eawag	
(Department	Sandec),	Dübendorf,	CH.	
Available	at:	www.sandec.ch
_	Polprasert,	C.	and	Rajput,	V.	S.	(1982).	Environmental Sani-
tation Reviews: Septic Tank and Septic Systems.	Environmen-
tal	Sanitation	Information	Center,	AIT,	Bangkok,	TH.
_	U.S.	EPA	(1980).	Design Manual. Onsite Wastewater 
Treatment and Disposal Systems.	EPA	625/1-80-012.	U.S.	
Environmental	Protection	Agency,	Cincinnati,	OH,	US.	
Available	at:	www.epa.gov
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D8: Aquaculture Ponds
sludge
inlet outlet
liner
Fish can be grown in ponds that receive effluent 
or sludge where they can feed on algae and oth-
er organisms that grow in the nutrient-rich water. 
The fish, thereby, remove the nutrients from the 
wastewater and are eventually harvested for con-
sumption. 
Three kinds of aquaculture designs for raising fish exist:
1) fertilization of fish ponds with effluent;
2) fertilization of fish ponds with excreta/sludge; and
3) fish grown directly in aerobic ponds (T.5 or T.6).
Fish introduced into aerobic ponds can effectively 
reduce algae and help control the mosquito population. 
It is also possible to combine fish and floating plants 
(D.10) in one single pond. The fish themselves do not 
dramatically improve the water quality, but because 
of their economic value they can offset the costs of 
operating a treatment facility. Under ideal operating 
conditions, up to 10,000 kg/ha of fish can be harvest-
ed. If the fish are not acceptable for human consump-
tion, they can be a valuable source of protein for other 
high-value carnivores (like shrimp) or converted into 
fishmeal for pigs and chickens.
Design Considerations The design should be based 
on the quantity of nutrients to be removed, the nutrients 
required by the fish and the water requirements needed 
to ensure healthy living conditions (e.g., low ammonium 
levels, required water temperature, etc.). When intro-
ducing nutrients in the form of effluent or sludge, it is 
important to limit the additions so that aerobic condi-
tions are maintained. BOD should not exceed 1 g/m2/d 
and oxygen should be at least 4 mg/L. 
Only fish tolerant of low dissolved oxygen levels should 
be chosen. They should not be carnivores and they 
should be tolerant to diseases and adverse environmen-
tal conditions. Different varieties of carp, milkfish and 
tilapia have been successfully used, but the specific 
choice will depend on local preference and suitability.
Appropriateness A fish pond is only appropriate 
where there is a sufficient amount of land (or pre-ex-
isting pond), a source of fresh water and a suitable cli-
mate. The water used to dilute the waste should not be 
too warm, and the ammonium levels should be kept low 
or negligible because of its toxicity to fish.
This technology is appropriate for warm or tropical cli-
Fish Pond Applicable to:Systems 1, 6-9D.9
Application Level:
 Household
 Neighbourhood
 City
Management Level:
 Household
 Shared
 Public




Inputs:    Effluent   
Outputs:    Biomass
